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ABSTRACT

This project present a jow-cost rotary encoder for electric machines. The
proposed rotary encoder composes of hall-effect sensors detecting magnetic field
emitted from a permanent magnet installed at the shaft-end of the machine. The output
voltage of the sensors are reconditioned and sent to the microcontroller system, which

will process the data and provide output voltage indicating the machine angular position.
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- Ausseuditlanls Input voltage 4.5-6V Offset voltage 2.5 (I Tsu1m)

#1971 aJvhtLum‘i'“fuj Sensitivity 5 mV/Gauss

2 36 b

AT
1SUPPLY [
"
acroun | g |"EEM
I CTPUT T

K ACTIVE

=

gﬂﬁ 2.7 @AUIDN Halt Linear Sensor

— —

‘1'.\ B B
. t w W ¥ oo e X W
XX r o el

I ) ’ kY w éFBx 3 — w :-';ls‘g 3 —

— ~ d | = x %~ [ - ek
v, : : R B N
1 ¥ X Yoo b b b4
E U VS L

n 9 A

71 2.8 memnﬁﬂﬂﬁngmstﬁaaaﬁﬂna&ﬁﬁnfaaaﬁ (Hall Linear Sensor)



msifindsingmsalzaasarseinylalasldsl 2.8 n-a Aol

U1 nugesududivndaundie d st wazlinszus Wi
(conventional current) | Hiwlufaanawse ludrwain winzlszefeBlanaTauAtaun
(@108aTNTIR0 RN V,) Iuiaasetununszusg Wi | onduen e udhe

t.'] 0 5 =Y [ o 3: e ]

U1 v dieldamwiauadnin B lufianasmiuscasainiurzuiuudn
MUIUNWIENIZAE T AALIILNAEN Fy naevinudidnason vlwdianasowunly
LD ULNYDILEUAIHIL

-:{ B e & @ :l' L o

31 e enawhuwhlazlididnaseugnuanlufiveudmuudmanann
fuzaududziiadezy Wi ndiunnguiu nadfilszglnidsriiedud
yaunigad MliiAaawalwid Gunit awnwWiizead (hall field) E, Tudsingrsinunsd
feanpaudiuadldvauduun aws Wiz i feuss Wi Fo nesvindusidnasan
A o o o o " . P2 \ & o ;e
Teazhldaianasaugnuanluntmweuduate dausslWiuazusswianiawaingu
o s d' d' ~ € ]
BianasauazinRanilufialumatiolasldiuu

@I V, layss ﬁaﬁhaﬁﬁmaﬁfwﬁugm X U8z39 y sag 2.9 n
anniivas Vg nauldanelamanofigiwlaan fadloadiliasd aangd 2.9 n wing
ﬂi:@ﬁa'ﬁlﬁnmauﬁaﬁﬂi:qau dmslszaiidszquon fiemwas v, uaz By wzasetiuny
lug 2.9 n udfieas Fy uas Ec Genady dausaslugyd 2.9 9 vbidequingneanlui
POUATUD I éauﬂﬁ:?augnwﬁnlﬂﬁmaum’mﬁ?’m LRZRNIWTIBEY Vy 3@ S9Tununsil
ﬁwwmﬂizqﬁﬂi:gau

B(x) B(x)
x| X]
_______ v, ¥ ? 4V
A N N s
- = — ¥ i }
Vd g_h--—!j/ FE E-.‘\::Ij_ FE ‘1" d \‘;__ —F}

51 2.9 nsianuadndoeas v,




10

REERISISIVIES

YRBEIHSR BN S

¥
z?
L]
-
5
3
r
a
o
w
H
i
-

31 2.10 snwucvaia lwinsraulniamad

2.5 N Buazrann1sza9 ADuC832

MCU ADuC832 11 Microcontroller 3u1a 8-bit 'ﬁii’m Multi channel 12-bit ADC
uaz Dual 12-bit DACs iagmuludwian moludidnazinauain Crystal 32.768 kHz
Taonwluinezdl Phase Lock Loop (PLL) iavinliarufivasdyanns Clock ga’ﬁuﬁa
16.77 MHz laus 1o Clock i{r;ljul,"ﬁ'mmmﬁﬁ]:l,ﬂﬁﬂuLLﬂmmmﬁ’naa Core clock ladn
a7t Tudnraaununan win lassaiiananvad Microcontraller (Microcontrolier core) 92
WWiaunNL 8052 ﬁaﬁu;ﬁ%’a:mmml‘ﬁ’qﬂﬁﬁwaq Microcontrofler 8051 l@vianaa
\ABaud MCU ADUCB32 a:ii33aimasiAaduan uaz 1 machine cycle tHAfiL 12 core
clock

Tugruvasmiasanuinneludn MCU ADuC832 wuazil Nonvolatile Flash/EE
Program memory 8¢ 62 kBytes Waz §I Nonvolatile Flash/EE Data memory 8¢ 4 kBytes
wanaminmoludnesl RAM 8n 2 4 fa RAM 2w1e 256 Bytes Way Bnaiunilias
% itemal XRAM 1@ 2048 Bytes (2 kBytes) nananuuniglu MCU ADuC832 £
I¢ifudiunas Analog Function SaiiluWeridunisvinemdng wdludaedu 12 - bit
DACs, Power Supply Menitor,igz Band gap reference

luduzesgininiseunanvasdw (Digital Peripherals) ﬁﬂua%iuuﬁﬁw fa 16-
bit Z—A DACs, Dual output 16-bit PWM, Watchdog timer, time interval counter, WLas 3
3 timerfcounters, T4 timer 3 nuaslFdmIuALAa Baud rate uaz Serial O Port (SPI, /

2C uaz UART)

2.5.1 M7IB9% Analog to Digital Converter (ADC)
ludruwas ADC Converter faziluwia 12- bit, 8 — channel lagidan
ST UNPIIN Mux %w:ﬁayj‘mu‘[uﬁﬁw uan%wnfuﬁaﬂqmauu“@éuq Gail A
Track/Hold, On-chip reference, Calibration feature ﬁ\mﬂmlugﬂﬁ 211 Feduaznay
wavaaiauntndivlennisames SFR 3 67 s ADCCON1, ADCCON2, ADCCON3
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ADC Converter ng/luazligiusal Successive Approximation (SAR) ag;
muludrn lunsulasdyaimewdannedunaszagludis o s VREF faadnu
Lﬁmma’lummﬂaaf%'ruuryﬂmamﬁanma‘ﬁuﬁmﬁ?uﬁmmgnﬁaagamn Tauntpluazd
WIIGUa1989 (VREF) agmu'l,uay;uﬁ'aﬁ 2.5 V. ﬂ"1é’rynpmtmﬁvgﬂﬁ'lﬁanﬂmam'luuﬁ

12 g 99%u

ADuCE32
Yarr
AGND
DAZH
el ]
TELPEMATURE WORTOR
1 T .

FRLIE I B BN

Immlum

TRACK 4 wa?
HOLL:

COMP MR ATCR

1 2.11 Ias9si9uad Internal ADC

5
au
7 N ADCOATAM 3R
P s:r:g '—/ \— E"&E’Eﬁm
P N N S N A S
I I Y 1L OO T e S ettt
\ LOW R BITS DOF THE
ADC RESULT WORD

5111 2.12 uReINTTIIHAAND I NNTLU a9 ADC moluiimeas ADCDATAHIL
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ADC Converter smansafiuzsnnualidiurrnululuue DMA l¢ Tan
ADC wullmdynmuunsdaiiias waz S (Captures) susasu 1 dsenlinig
External Memory laglifuanssnudunisvsunanuss McU tédnen Seazlananis
Tugaudog T misldom ADC asdasmsnuiuitawnas 3 o2 s ADCCONT,
ADCCON2, ADCCON3 ua: fqau 12 ia ’uaammﬂmﬁayjaa:gmﬁulu’%ﬁmﬂai‘
ADCDATAH Laz ADCDATAL %auamﬁagﬂﬁ' 2.12

2.5.1.1 53d@19a5 ADCCON1
Fmaad ADCCON1 {uRmasinldauquimniu ns
. . . . o
Conversion, acquisition times, Hardware conversion mode, et Power-down modes T4

TURLDUALFAITIIENS AD
a ] oo, I3
AAKITDITIALADT EFH
ANTAUINTDINISIHIW  00H

- o 8
ATILYI0ILE LG ‘I&HG‘I

A17190 2.1 URAINITITINUIFamaT ADCCONT

Bit | Name | @%asuu
7 | MD1 | dafilsiiannsrinemuas ADC
fugailu 1 Taogld andumstlanmsvinnueslnue ADC
fudeiflu 0’ laogld aniflunsflansvinnusaslwue ADC
6 | EXT_R | @ Setiilu 1 lawdld anumaniluninfanusdudradamnmesen
EF (External Reference)
tudeilu 0 lagdld sadunsendunmsfonussiudrdannnslu
(Internal Reference)
5 | CK 1 | {ia CK1 uaz CKo (ufiefilfidandam3nn13mnT PLL master clock ialdninifia ADC
4 CK_0 | clock
CK1 CKO MCLK Divider
0 0 8
0 1 4
1 0 16

1 1 32




@139 2.4{08) wFaInsLEusiaead ADCCONT

Bit | Name | fhafuu
3 AQt | ilufiafldidan Acquisiion time S9azldiuianiu 2 Ga fa AQ1 ua: AQO (Hummiden
2 | AQo | 1im1n3 Track and Hold esdg ndwnatiezidhan Ssvauusizlvld #ADC Clks iy
3 wia wanniiu
Al AQO #ADC Clks
0 0 1
0 1 2
1 0 3
1 1 4
1 T2C | D% TIMER 2 CONVERSION (T2C)
dudaidu 1 laogld anilums Enable ia Timer2 Overflow waldiudgurnmdnliiy
mMuaIRy Yy o ADC
0 EXC | iim External Trigger Enable (EXC)

twdadn 1 Taogld aznewlinn 3.5 (CONVST) illunnBunadniudiums Convert
lazaz Active

Low lag21iin1332 Active Low Pulse (AMUNT989 Pulse > 100 ns)

2.5.1.2 39&L6004 ADCCON2

398,795 ADCCON?2 Lﬂuﬁﬁma%ﬁl‘ﬁmuqmﬁmﬁumﬂﬁan

. | a W
Channel 184 ADC uaz IﬂaJ@lﬂ’lﬁConversnon TITNURLLDUALTHIDIIR fa

AunwInas AR D8H
ANSAUSNTAINNSIHIW™  O0H

9 =9 =y b
SR a Taila

M9 2.2 wEAINTTLFIuIARLeas ADCCON2

Bit

Name A1981u18

ADCI iin ADC interrupt (ADCI)

finflazifalay Hardware ﬁiﬂmuqﬂmﬂasaummﬂmﬁgmﬂm ADC wia fansuas
nsuilad DMA

fiafazindolay Hardware 1ila PC Flufighumianims Interrupt S lld S uans
aslsiilu o dhe

lisunmoesdls




@19197 2.2(@0) uraen131E91S I mass ADCCON2

Bit Name frasup

6 DMA i@ DMA mode enable (DMA)
dudeidu 1" laodld aniiuns Enable nawn1sldam Inue ADC DMA uaz Ja
fasidailn 0 saludd
flsTernasounIsHaTn DMA mwﬁﬂﬁmi{anﬂumm@ﬂﬁmﬁﬁm 89 ALE %
WHANTITURT Uz o2
vnswdnadmitaio DMA fm‘éuﬁwmuu@iazﬁwmamagnﬁaaLéja DMA 1in

5 | CCONV | viuguyinluia
1l Continuous conversion {CCONV)

4 | SCONV | fudaidin ‘1 Taugld azilun1siunisudsedyyn ADC Tulnaa Continuous
QRRMCIERED I TRT AN

3 cs3 [ﬁuﬂﬁgﬁa:ﬁaoﬁv’ammmﬁ uas channel Aigpdmsezullsafunandensdnlu 3
st Ui

2 cs2 | iim Single conversion (SCONV)
drdeniu 1 Taogld sndumaGumsudasdyyio ADC lulnua Single

1 T2C conversion Hafaz3iBaiilu

0 Exc | Taudalwifislesusaunisulasdyanouuy Single conversion

ii®t Channel Select (CS3-0)

- g Py ar = o o
faflazllun1sidon Channel isaimsazulasdygnudodlfizdainiugulas
madouldsunsndldluauvaalnua DMA wwmTidan Channel 92ldanain

Channel ID LﬁaLﬁﬂwﬁagaiﬂ“ﬁ External memory

CSs3 CcSs2 Cs1 CS0 CH#
0] 0] 0 0 0
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 0 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 0 0 0 Temp Monitor
1 0 0 1 DACO
1 0 1 0 DAC1
1 0 1 1 AGND
1 1 0 0 VREF

1 1 1 1 DMA STOP




2.5.1.3 5981m07 ADCCON3

Ha L J [ i o Qe - .
FRmaainitidu Register control AilT&w3UNNT Calibration lu

v Ay e Ea Kene 2
wauwie18nNud ADC uanmnuuuwuualm:,amamumaamimmwaa ADC an

@apne 1in ADC busy

AUBUIDDIIIALMDT F5H
ANSHULSNDBINITITIH 00H

LR | ry L5
A RsnuUia Tsila

197197 2.3 LFAsNNT LT wIdaiaas ADCCON 3

Bit Name | aaduns
7 Busy iim ADC Busy Status{BUSY)
Taiiae Tausassouzdadudafiswldatinaidn(read-onty) daiazdaida ADC ag}ﬂu
sewhantiulsedtygos wia agluszvninians Calibration fefiaz clear saludiiiianms
uasdnyty1ow ADC w3 n13 Calibration wwaTafu
6 GNCLD | fia Gain Calibration Disable
weLilu o Lﬁa Enable Gain Calibration
iFeuilu 1° 1Ne Disable Gain Calibration
5 AVGS1 | 1@ Number of Averages Selection
finifufieflfifanituudiadionisanuuas ADC luszwinams Calibration
4 AVGSO | AVGS1 AVGS0 Number of Averages
0 0 15
0 1 1
1 0 31
1 1 63
3 RSVD | Reserved — Diaitansazimualiiu o 13
2 RSVD | Dadimseslidiandu laprmuanndldunizyiinis Calibration
1 | TYPICAL | ii® Calibration Type Select
fiaililunnsi@annis calibration 5219 Offset(zero-scale) #3a Gain(full-scall)
Vi 0 & wmiunsidan Offset Calibration
vianilu *1° #mIun3iaen Gain Calibration
0 SCAL | ii® Start Calibration Cycle

d o ¥ = s 2 o . w5 em d
Wadeignida asillumaFunis calibration uas suaz clear Tauoaludd Woms

calibration ﬁ’uﬂuyitﬁ
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2.5.2 N7 12919 ADC Offset Waz Gain Calibration Coefficients

ADUC832 asfidndurlssinigmiunis Calibration oy 2 # #0 1.0ffset
calibration uaz 2.Gain calibration snAuUszAMaNg 2 flecdawa 14 fie use ONULY
Fulilusimead 2 60 99 sduyszinduasm sy Offset (offset calibration coefficient)
a:gmﬁu‘lﬁ‘ﬁ' ADCOFSH $11u 6 T usy fissaaes ADCOFSL 1w 8 fia ludm
Pa9snFuls:inT109m ISy gain (gain calibration Coefficient) ﬁ]:gmﬁuﬁﬁ%ﬁamaf
ADCGAINH 411474 6 U9 uaz ADCGAINL 3w 8 Ta ludruwvassn Offset calibration
coefficient azTaLTy error WEMaI De offset errors M19lue1 ADC 194 uay AR
a%ﬂﬂﬁLﬁﬁﬂJ’l Faudgagazain iy offset Tasrnlassunsndsuld + 5% vaq
U590 VREF #sfinn +125mV fiusaen VREF Wiy 2.5 V Tushuaadieatiunisdiud
Gain calibration coefficient 92 TaLTY error WA IUVas DC gain error ﬁaluﬁ’; ADC ia3
WAz ﬁé’mﬂnunm‘ﬁmgﬂﬁﬁqm%a“mwaaé’murgwmﬁuvgmﬁmmﬁmﬁ”]m'lﬁgaqﬂﬁ'm gain
coefficient a1anInflazaireld fa 1.025<VREF uaz ’ﬁwé’rynpmauwm‘iﬂqﬂ fa 0.975
x VREF S9MaN0a21337 £ 2.5% 209u130ud1989 (VREF)

ADuCB32

8141 zav
s BAND CAP
REFERENCE

BUFFER

U 2.13 ugaen1I6a Capacitor 12131397 VREF LAz 91 CREF a4nima



Hilnneaynnan nazvomndimanszll

2.5.3 T3 1TINWUTIAWD198 (Voltage Reference Connections)

e luBwaziiuseaud14d4 band gap voltage reference 2.5 V. Fousaduil
aunTnfieslfiduusis1a8edmin ADC uaz DAC I¢ dsmsdoludiuues Hardware sin
datiiularusesussdfiandu 2.5 v 9599 dlddpadossia Capacitor 1 0.1 uF flan
VREF u&2 21 CREF &9n7176 ﬁaLLamluEﬂﬁ 2.13

Yuns@aldussaudredanioly (ntemal Voltage reference) Liasialdam
Aunsesaumeuana i salinuneun CREF "L@Tﬁal,m@mlugﬂﬁ 2.13 ufvzsadde Buffer
Mt Lﬁalﬁﬁu'ladw’n"iazvlﬂgnﬁam:t.m'[um:ﬁﬁlﬁnaﬁua'”n%amnmuuan (External
Voltage reference) r;l:'liaz@"’aa@'mmﬁumnmuuaniﬂﬁm VREF W&z 91 CREF Waz i
#i 6 70955m1m05 ADCCONT 2diny Set 1ilu 1 shanafiazianislicuues External
Voltage reference tialwiulainmsrhauzas ADC wuflaufisnss, wssaufisne Ui

-

21 VREF 9z6iadaglugiiszniig 1 V. f9AVDD uaFinddde Waldusadusadaf
waunii 1 V. ImmﬁmﬂmLwiﬁzfuﬂﬁaa:ﬁﬁlﬁttﬁaﬁuﬁﬂaﬁaifugrgLﬁummL‘ﬁuamﬂﬂ
2.5.4 TMTIHINH Digital to Analog Converter (DAC)

mulu ADUC832 2:il1n DAC Yawum 2 an $1wam 12 Ja Faudazuaed
Buffer fiaunsodulwaald 10 kOhm/100pF WONTINIH UARZU1LE9 DAC 98110
danTisussdunsrneule 2 Ta9 fe 0 V. §9 VREF { VREF = 2.5V. $3éia Internal
band gap 2.5 V. Reference) Laz 0 V. {13 AVDD wonaniuI DAC aunsnvienléng
Twus 12 bit uss 8 bit lap DAC 1 2 a:ﬁ‘ﬁmﬂﬂ?ﬁlﬁmuquﬁuéa lelun DACCON uaz
H3%maasdn 4 ardmiuiiudaya el DACTH, DACIL, DACOH, DACOL T3 wseeud
11 DAC anundairiufiluyneiiidaiaad DACL nnidaudaya e Tiawmaitoya
arsaclwimafouutas wia ﬁ’mmﬁﬁa;&aﬁ'%mﬂa{ DACH flaw #R139F88a A8

A1338LA0% DACL

Paeasd DACCON
MunHIZaITaaas FDH
ANSNUSNTDINISIHI M 04H

L A =% 9
aMsrdaunuiia Taila

62564



A19191 2.4 LEAINS T uIamaas DACCON

Bit Name ahiaval]
7 | Mode fin DAC MODE Jafivzfinafinilaufiusis DACO uas DACT
diadauilu 1° anflunsldanulnue 8 da ( Write 8 bit to DACKL SFR )
fiogauilu 0 anflunsldrulnue 12 da
6 | RNG1 {ilm DAC1 Range Select
el 1 ssflumstmuald DACT 19444 0 — vDD
flaigailin 0 suflunsimuald DACT 14900 0 — VREF
5 | RNGO {im DACO Range Select
iagendln 1 szfuniarinwuals DACO 19573 0 — VDD
dadadiu 0 snflumarimuals DACO 19974 0 — VREF
4 | CLR1 il DAC1 Clear
e 1 auflumiriualdionvinavas DACT hnuawdnd
adadw o auflunitmualdionvinavas DACT Hussdmiu o v.
3 | CLRO 1@ DACO Clear
adadu ﬁ]:lﬂuﬂﬁmuﬂlﬁmﬁﬂ@maa DACO ¥inauaulnd
Hadaidu o aziflumafimualdiaryiwavas DACO usseuiu 0 V.
2 | SYNC 16 DACO/1 Update Synchronization
aiFadlu 17 ‘i]zLﬂumsﬁwuﬂlﬁmnﬂﬁﬂuuﬂmmaLa"lﬁ"q@maa DACOM 1t
Watuul aawdau it 2
n ﬁuﬁﬁﬁmﬂﬂuuﬁa;\.}a‘lﬂﬁ DACXL/H SFR
Wadadu 0 sndlumimualst DAC i 2 Lﬂﬁuuuﬂmmamﬁvgw%’awﬁmfjaﬁm
SYNC ='1
1 | PD1 {im DAC1 Power-Down
Wardadu 1" azfumafmuald 18an13vi9u (Power-On) DACH
Fawde il 0 amilunsimuald Tan13vin91u (Power-Off) DACH
0 | PDO {is DACO Power-Down

Warderdu 1" aziflunsdrwuald iUantsrinanu (Power-On) DACO

Watialu ‘0 wiflunsduuald Zamsvineu (Power-Off) DACO
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2.5.5 30a10 99 DAXH/L
?ﬁama%ﬁ’aﬁtﬂuﬁama‘?ﬁw%‘uLﬁuﬁayamaa DAC (DAC Data Registers)
Lﬁaﬂ'{,ﬁ'ﬁwummm‘lu‘%ﬁama‘fﬁuﬁ'sa:Lﬂum‘nﬂﬁuuuﬂmmLmﬁumumﬁﬂmaa DAC

L

N

AUNUIZDITIALNDT DACOL (DACO Data Low Byte) — F9H
DACOH (DACO Data High Byte) — FAH
DAC1L (DAC1 Data Low Byte) — FBH
DAC1H (DAC1 Data High Byte) — FCH
Andausnzaonslsans  0oH

b £ =Y 4
magfsnuvie Tala

Q’L“ﬁ'ﬁaaLLﬂﬁn"m”mﬁﬂuifagﬂLiﬂﬂ'lu’ﬁmcﬂa‘? DAC x HL #ugndas lay
DACxL 9zu379 8 ﬁﬂﬁnmaaﬁaa_ga DAC uaz 4 Jaa"9vad DACxH WYY 4 ﬁﬂuuqﬂﬁm

1847838 DAC i51

2.5.6 N15M19 U229 DAC

NIITMIIENautes DAC mgluardsznauludadidiuniu waz
Buffer Amplifier %auam‘lﬁﬁagﬂﬁ 2.14 %aqmauﬁ'&@iumaaﬁu Ao Al linear 289
M9 mngﬂﬁ' 2.14 2213uwindl Switch Lﬁamrsaﬁuﬁwﬁﬁdﬁag 2 uWAad fila AVDD
uaz VREF Sslumslsaululnug 0-to-AvDD Lmﬁmmﬁﬂmﬁ‘lﬁa:aglwﬁw 0 V. fi9 fn
usIaufian AVDD uaz lunsdaldeaululnue 0-to-VREF AIUTIAWDIWALaI DAC 32
aglutag 0 v. fis AusedudnaBamelu VREF Saildnwriniu 2.5 V. anufianananid
LLamlﬁLﬁu'Lugﬂﬁ 2.15 fia mlaiifludadulutiaFudn uaz 'ﬁ’)ﬂﬂﬂ’]ﬂ%dﬂwtmﬁﬂﬂ
P99799 7988 AN Saturation %alumaqauﬂﬁmﬁaami s wida g
(Linear) anaamsguiananddsduls 'lugﬂﬁ 2.15 Iﬂylugﬂﬁ 2.15 fanlumuand
Transfer function Va3lwaa 0-to-AVDD ¥t ueilulwus 0-to-VREF 4z 88N stues
wlaunuudszozanylidludidu (Nonlinear) 3:¥aaniuilodann VREF < AVDD
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’wun—L ADuCB32
LUTH 3 "
cuTPUT
o o BUFFER
n
bt o] } DACO
"
_.o\‘o_.
HIGHT
L L} DI3ABLE
TP {FROM NCU)
L §
"-—O\D-—u
n L
—o\b-—
\'4

51 2.14 uaav9esiailouses DAC

¥an
Vp-2amy =

Yo 1Comy —

Teomy -

Somy —

my K,

31 2.15 uzastrsvasmybiidwdudunasisorrenodyyim

2.6 N HJUATHANTIINIHN C
2.6.1 dmilszaiananan {Preprocessor statements)
. cq. A a. & : v e doAd
Wudiunanniaes Iudwfioziiddidszurananaw laundasnlinegms

AULATBIRUNY # LT #include

2.6.2 a1 szanananand (Global Declareations)
Wudrunldlumsdszniaaaudsd@unans (Global Declareations) LN ¥
Aordunniaridudneils wiavesinld



2.6.3 AMARUUUNIN % (Function prototypes)

dusudltlsemaindWeadsues 151 dwwuuWensuseldisigusn

[ =

2EALULINNUUAIATT Iﬂﬂﬁﬂ’diuﬂasﬂﬂlﬂuiﬁﬂﬂﬂaﬂﬂ UENINNWUNIY TN Ad UL

(9
L |

WanTues mm‘sm:quﬂﬁaﬁ“ﬁ’uuuugﬂLLuum‘sﬂs:meﬂmﬁﬁLﬂa%’a:'lﬁﬂﬁa

2.6.4 &30 as1duaNe AT (Detail functions)
WwsiuilteiuiguaziduavasuaazWinguimodsemeaen I ludu
w & o - - Co w A a w A 5 o o -
duwuuNsiTunnlpuandvavesWNsidudosdl slateys TeWaddu winiiaed

2 Qer Rt 5 A 1 = & o >3 € & o
NOAANDINUARULLUNINTI LASEIRIIUAZLAHANINTH ﬂ’]ﬂl%ﬂ?ﬁdﬂ“ﬂ%ﬂ@]’)ﬂ’]‘ﬂ%ﬂ

2aULe10IWIRTHAD NsiTnauinnutle  wasz 2aELiinnnia



unn 3

ﬂ’]‘iaBHLLUULLE\Izﬂ'ﬁﬂ%’]ﬁﬂ']‘iﬁ1ﬂ1%1%?i')%ﬂ1§ﬂ LL'J%LLR&‘I\'E]NLL'J‘;:

- ] [
3.1 nMSLtAaNLALARAEN

LalManfazin mﬂizqnﬁw‘huﬁ'ﬂumiﬁﬂmuﬁmma‘iﬂLﬂuﬁa:ﬁaaﬁqmmwgq

swnlinandasnaNfangilgs windndasdl Flux  density LHBIwaldufinuau

9 U
o L3

w ' [ | a & A v w
§RIN1TVEY output  VRIAILTULTES muqmawﬂﬁuqﬁﬁa ﬁqmﬂgu AnPuiaa
J i L7 @ [ Ar J s 1 = 1 -y {

Auimbdaidudifugiuiannuarnisovasudinansrugunniavsnfouniig

LD ILSIVAILILAAN A961T19% 3.1

a o A9 oy ' =
f17190 3.1 ’Jﬁ@]‘ﬂl"ﬂﬂ’umt“ﬁﬂﬂ

material Maximum | Residual Coercive | Temperature | Cost Comments
energy Induction force coefficient
Product {gauss) {oersteds)
{gauss-
oersted)
REcobalt 1(3)(106 8.1 )(103 7.9% 10° -0.05%/°C Highest Stronge,smallest,resists

demagnetizing best

Alnica1,2,3,4 1.3 5.5- G.42- L0.02%/°C Medium | Non-Ortented
1.7%10° | 75%10° | 0.72X10° | 10-0.03%/°C

Ainico5,6,7 4.0- 10.5- 0.64- -0.02%/°C Medium- | Oriented
7.5%x10° | 13.5X10° | 0.78%X10° | 10-0.03%/°c | high

Ainico8 5.0- 7- 1.5- 0.01%/°c Medium- | Oriented, high,coercive force best
sox10® | 9ox10® | 1.9x10° t0+0.01%,°C | high temperature coefficient

Alnico9 jox10° 10_5)(103 1,6)(103 -0.02%/°C High Qriented highest energy product

Ceramic1 1.0x1 05 29% 103 1.8X103 02%°c Low Nonoriented

highcoerciveforce,hard, britte, non-

conductor
Ceramic2,3,4,6 | 1.8- 2.9- 2.3 0.2%°C Low - Partially oriented, very hight
26x10° | 3.ax10® | 2.8x10° medium | coercive force,hard,britte, non-
conductor
Ceramic5,7,8 28 3.5- 2.5- -0.2%°C Medium | Fully oriented very hight coercive
asx10t | asx10® | 3.3x10° force hard,britte, non-conductor
Cunife 14%x10° | 55%x10° | 0.53%10° | - Medium | Ductile,can cold form and
machined
Fe-Cr 525x16° | 13.86%10° | 08x10° | - Medium | Can machined prior fo final aging
treatment
lastic 0.2- 1.4- 0_45)(103 -0.2%/°C Lowest Can be molded,stamp,machined

1.2x10° | ax10’
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;ii]ﬁ 3.1 @1 Hall sensor

Hall sensor luﬂﬁz\‘lm“ﬁ’ sensor L83 ss495A JuazLanAfe ss495A 11w sensor ‘ﬁ
fywaanddslordnansegndeinsnlasardoawuuimanainudiminorismia
e3nadausimaniui das8uBad output UsIGTDANIN supply WIIRUITLALE waNY
AATIRINUDIN VUL TIU DIFHIWUULARN

msﬂs:nanﬁmﬂmmﬂﬁmﬁuqmﬂgmﬁmﬁ uxsfiaanunaziviniuuazinany
LLﬂuﬁﬂgjaﬁ'}muﬁqmwgﬁ 40°c D9 +150°% N13a93uunidlavzazinaldntande
19309907 W30 autoniinada output AOUARAINITIULINUAZSIUAD NIUULAED
TILINUAZAL 'l’ﬁ'ﬁ'mmﬁﬁmurg']mﬁmnuuu’uu"wgamn nsaadursesidiudadiy
amnpianafiioimn anwhifiiuiu wasarmaua sy odestunszualnih 48

AU GE

3.2 n‘nfﬁ‘lmimgnu‘lﬂszqnmﬂﬁ%wﬁuﬁu Hall sensor

na5199 3.1 137 1énudedn Magnetic Range 484 Hall Sensor 1:13anTuils
shavasulminfigsinunlsldiwansauiu Hall Sensor

madanudmanis laifanudinansiia Plastic 361 Maximum Energy agj‘ﬁ' 0.2
89 1.2x10° Gauss FImaNzauny Hall Sensor (U85 ss495A dailein Magnetic Range
* 670 Gauss
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aA1919n 3.2 gilaadaoanlTulTas

Calalog Listing Type Ssd95A | Ss495A1 | Ss495A2 | Ss405B | Ssa06A | Ssdg6At | ssdosn
Supply voltage{VvDC}) 4.5t010.5
o
Supply Curreni@25 ~ C {mA) Type 7.0
Max a7z
Output type(Sink or Source) Ratiometric
Cutput Current {mA)
Typ. Sink or Source Vs>0.5 1.5
Min.Source Vs>0.5 1.0
Min. Sink Vs>0.5 Q.6
Min.Sink Vs>0.5 1.0
Operating Temperature 40tn+150°C(A4Dtn+302°F)
1670 1670 1670 1670 1840 1840 +840
Magnetic Range .Gauss Type
Mi 600 1600 +600 +600 1750 1750 1750
in
Qutput Vollage Span  Type
0.2to{Vs-0.2)
Min
0.4to(Vs-0.4)
Null(Qutpul@ 0 Gauss,V) 2.50+0.075 2.50£0.075 250£0.100 2.50+8.150 2.50+0.075 2.5040.075
Sensitivity(mV/G) 3.125=0.125 3.125£0.084 31250156 3.12540.250 3.126£0.100 312520075
Linearity.{% ofSpan) Type -1.0
Max -1.5
Temperature +0.06 0.04 +0.07 £0.06 £0.048 £0.03
Null Drit  {%/°C)
_ i oy O
Sensitivity Drift (%/"C} 0014005 | -002+0.08 | -0.02+006 | 0014005 | -0.0140.05 | -0.02,+0.06
o]
225°Max 0.0,+0.06 0.0,+0.06 -0.01,+0.07 0.0,+0.06 0.0,+0.06 0.02,+0.06
<25°Max

MAXGMUM SUPLY VOLTAGE ve. TEMPERATURE

>
Vi 7

+

b “

A8 WD 1 e ANBONT TOWPLRATURL T

e ot & s e
LS

Eﬂ'ﬁ. 3.2 Block Diagram a4 Hall sensor ss495A
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3.5.3 Flow Chart
o A q A v v o
‘V.admn'ﬂmmsaammmdau’lﬂﬂﬂmmum 1@]71’]7'1'1‘5??“]% Flow chart

PaIn I dsulysunsunie C asit

start

Y
A DC
sin

Y

#usaADC

Los5

tos»2048

ves yes no

Out = datasin Ongt = datasin Out = datasin Out = datasin

¥ ¥

Out=2048-out Outr=F6144.cut

DAC=07T

(= )

51l#1 3.8 Flow Chart 424115un3ua 93U uniiaIasdnIna

U
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3.5.4 a1dszasldsunsn
o [ o Y -~ w oo
NN @0 Flow Chart n13vinswaasldsunsuudy taelaian

= & o a
LTU%TﬂiLLﬂiNﬂG‘HU@ LR

#Finclude <reg’2.h>
str apcconl = OXEF;

sfr ADCCONZ = 0OxDB;
sfr ADCDATAL = OxD9;
sfr ADCDATAH = 0OxDA:
sfr DACCON = DXFD;
sfr DaCOL = QOxFG:
sfr DACOH = OXFA;
sfr paclL = OxFB;
sfr DaClH = 0OxFC;
sfr PLLCON = 0OxD/;

code unsigned int display[]={

///f//f///f///’éﬁ#if/f// s

?ﬁﬁ#ﬁﬁhﬁ%ﬁ%ﬁ%ﬂ?ﬁﬁﬂﬁ?
votd mainCvoid)

unsigned int i,s,SIN,COS ;
unsigned char 1 ,h,ADCON_STO, STO_L,STO_H;

DACCON = Ox1F:
PLLCON = Ox50;
i =0;

?hiWEilj

ADCCON1 = Ox8B;

77 GET SIN ADC 4
ADCCONZ = 0x14;

ADCON_STO = ADCCONZ & 0x10 ;
?hi1e {ADCON_STO == 0Ox10)

ADCON_STO = ADCCONZ & Ox10;

STO_L = ADCDATAL ;
STO_H = ADCDATAH & Ox0OF ;
DACIH = STO_H ;

DACIL = STO_L :

3 = STO_H 3

i = 1 «« B

SIN = 1 + 5STO_L;

s END SIN



STO_H = ADCDATAH & OxOF ;

S/DACOH = STO_H ;
S/DACOL = STO_L ;

i = STO_H ;

i = 1 << 8 ;
COoS = 1 + STO_L:

S/ END COS

1F ¢ SIN > 2047 3

EF (COs > 2047 g

? = display[SIN];

else s = 2047 - display[sin] ;
elsa

i

}F (COos > 2047 )

? = ©6l43 - display[sInN]:
§1se s = display[sInN] ;
VY s = display[cos] ;
1 = 5 >> 0O;

h =5 »>> 8 ;

P2 = h ;

PO = 1 ;

DACOH = h ;

DaCoL = 1 ;

¥
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N1ITNA[ADIUAZHANIINAR D

’LuﬂaqﬁumiﬁﬂmwaaLﬂ%aﬁmna‘lajmmmuan@huﬂﬂalumiﬁﬁmu‘lﬁ RN
=} 1 o ] ”< dl‘. ] = 5 Ll [ 1 o
n13An® Hall Sensor mug‘lﬂnmmmanLwamtﬂuqﬂmmmmwmmemimmu
A P

PpILATaIINTNA

ANNINARBILNAENLAS Sensor lenTulassaiIIuasTiiavad Sensor HANMT
Fauaad Sensor waznTILATRaLazTI98IMIREN INRENNATANAAN L lddan
o ' o 4 = '
AinnInesauTiunuvalaastadudvuvad Hardware

o e 13

pasmnim Idindyginainnaas Hal  Sensor  liliszuiawalu
o - [3

| a g ¢ | = '
Tulasaoulnsaiaed Wadygrmariwnluiinisanaduduniizadudines

Software

4.1 NINARDIATIN 1 NINARDURIANATNRUSTER TR UMITDIIANIAE
WIIANLAYIHADBI Hall Sensor
4.1.1 aolszasd
1. W lenmumamauaas Hall Sensor uazhlddszynalfaiuld
2. lenudsnuasriavasusininfimansaa
3. W aMARIRUETER T UM TILlMAN LA LTI A INAT 8

Hall Sensor

44.2 91 nIOEf %%

1. WHAAN (TLALRENA2YE) 18
2. Hall Sensor 28

E
3. Oscilloscope 110784

4. Dc Supply 1 Lﬂ%asﬂ



wnanstiuenansianubidmiunslsnuiionisfnwiniu lweygslnilulydsslosuaiunisen

lnnsdilag weau Snviamudilundawdasion wasnesendadauavesanaisynasiminisunluly



= e
AN 4.1 HANNTNARDIH 1

fwneisfinasas

6 1 2 3 4 5 fiad
0 4.82 476 4.8 4.78 4.84 48
10 4,76 472 474 472 4.8 4.748
20 4.7 4.66 4.68 4.66 4.74 4688
30 4.5 4.44 448 4.46 4.52 4.48
40 428 4.22 4.26 4.24 4.32 4.264
50 3.92 3.88 3.9 39 3.94 3.908
60 3.62 354 3.58 3.56 3.64 3.588
70 3.16 3.14 3.14 312 3.18 3.148
80 2.8 2.78 28 2.76 2.82 2792
90 2.46 24 244 2.44 248 2.444
100 212 2.06 21 2.06 2.14 2.096
110 1.76 17 1.74 1.72 1.78 1.74
120 1.32 1.26 1.3 1.28 134 1.3
130 1 0.94 0.98 0.96 1.02 0.98
140 0.64 0.6 0.62 0.6 0.66 0.624
150 0.42 0.38 0.4 0.38 0.46 0.408
160 0.22 0.16 0.2 0.18 0.24 0.2
170 0.16 0.1 0.14 0.12 0.18 014
180 0.12 0.06 0.08 0.06 0.12 0.088
190 0.16 0.1 0.14 0.12 0.18 0.14
200 0.22 0.16 0.2 0.18 0.24 0.2
210 0.44 0.38 0.4 0.38 0.44 0.408
220 0.64 0.6 0.62 0.6 0.66 0.624
230 1.02 0.96 0.98 0.96 0.98 0.98
240 1.32 1.28 1.3 1.28 1.34 1.3
250 1.76 1.74 1.74 1.72 1.74 1.74
260 2.12 2.08 21 2.06 212 2.096
270 2.46 2.42 2.44 242 2.48 2.444
280 2.84 276 2.78 2.8 2.78 2792
290 3.16 3.12 3.16 3.12 3.18 3.148
300 3.6 3.54 3.58 36 362 3.588
310 3.92 38 3.9 3.88 3.94 3.908
320 428 4.24 4.26 4.28 4.26 4.264
330 4.5 4.44 4.48 4.46 4,52 448
340 4.7 4.64 472 4.66 472 4.688




15191 4.1 (M) Han1TNAaadf

$rurmniafinesss
5] 1 2 3 4 5 faf
350 476 4.74 4.74 4.72 478 4.748
360 4.8 4.8 478 4.82 4.8 4.8

U_

0 40 30 120 160 200 240 230 320 360

gﬂﬁ 4.3 nTAnMInaaan 1

413 as‘ﬂuam'mﬂaaa
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Hall Sensor 2

Magnet
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554954

Hall Sensor 1

571 4.5 Usaa Diagram TBINIINATOUUAULIVBITUINUIINAD

@A151971 4.2 KaNINARBIN 2 Va4 Sensor dIN1 1 (0 84AN)

Funfinnaans

o) 1 2 3 4 5 fiaiy

0 4.82 476 438 478 4.84 4.8
10 4.76 4.72 474 472 4.8 4.748
20 47 4.66 4.68 4.66 474 4.688
30 4.5 4.44 448 4.46 4.52 4.48
40 4.28 422 4,26 4.24 4.32 4.264
50 3.92 3.88 3.9 3.9 3.94 3.908
60 3.62 3.54 358 3.56 3.64 3.588
70 3.16 3.14 3.14 3.12 3.18 3.148
80 28 2.78 2.8 278 2.82 2792
90 2.46 24 2.44 2.44 2.48 2.444
100 2.12 2.06 21 2.06 2.14 2.096
110 1.76 1.7 1.74 1.72 1.78 1.74
120 1.32 1.26 1.3 1.28 1.34 1.3
130 1 0.94 0.98 0.96 1.02 0.98
140 0.64 0.6 0.62 0.6 0.66 0.624
150 0.42 0.38 0.4 0.38 0.46 0.408
160 0.22 0.16 0.2 0.18 0.24 0.2
170 0.16 0.1 0.14 0.12 0.18 0.14
180 0.12 0.06 0.08 0.06 0.12 0.088 |




#1319N 4.2(M@) HANTNARBIA 2 U89 Sensor @IF 1 (0 a4en)

Funsifinasag
0 1 2 3 4 5 Aadn
190 0.16 0.1 0.14 0.12 0.18 0.14
200 0.22 0.16 0.2 0.18 0.24 0.2
210 0.44 0.38 04 0.38 0.44 0.408
220 0.64 0.6 0.62 0.6 0.66 0.624
230 1.02 0.96 0.98 0.96 0.98 0.98
240 1.32 1.28 1.3 1.28 1.34 1.3
250 1.76 1.74 1.74 1.72 1.74 1.74
260 212 2.08 21 2.06 212 2.096
270 246 2.42 2.44 2.42 2.48 2.444
280 2.84 276 2.78 2.8 2.78 2,792
290 3.16 3.12 3.16 3.12 3.18 3.148
300 3.6 3.54 3.58 36 3.62 3.588
310 3.92 3.9 3.9 3.88 3.94 3.908
320 428 4.24 426 4.28 4.26 4.264
330 45 4.44 4.48 4.46 4.52 448
340 47 4.64 4.72 4.66 4.72 4.688
350 476 474 4.74 472 4.78 4.748
360 48 48 4.78 4.82 4.8 438
@919 4.3 HANTNARDIN 2 W09 Sensor 627 2 (90 asA)
FIunTIfnenss
B 1 2 3 4 5 AaaE
0 246 24 2.44 2.44 2.48 2.444
10 2.8 2.78 2.8 2.76 2.82 2.792
20 3.16 3.14 3.14 3.12 3.18 3.148
30 3.62 3.54 3.58 3.56 3.64 3.588
40 3.92 3.88 39 39 3.94 3.908
50 428 422 4.26 4.24 4.32 4.264
60 45 4.44 4.48 4.48 452 4.48
70 47 4.66 4.68 4.66 4.74 4.688
80 4.76 4.72 4.74 4.72 4.8 4.748
90 482 476 48 478 4.84 48
4.8 438 4.78 4.82 4.8 48

100 l




Q157197 4.3(618) AN TNARDIN 2 VB Sensor 7 2 (90 29¢1)

Fuafefinasas
8 1 2 [ 4 5 Aiaiy
110 4.76 4.74 474 472 4,78 4,748
120 4.7 4.64 4.72 4.66 4.72 4.688
130 4.5 4.44 4.48 4.46 4.52 4.48
140 428 4.24 4.28 4.28 428 4.264
150 3.92 3.9 3.9 3.88 3.94 3.908
160 3.6 3.54 3.58 3.6 3.62 3.588
170 3.16 3.12 3.16 312 3.18 3.148
180 284 2.76 2.78 28 2.78 2792
180 2.46 242 2.44 2.42 248 2444
200 2.12 2.08 21 2.06 2.12 2.096
210 1.76 1.74 1.74 1.72 174 1.74
220 1.32. 1.28 1.3 1.28 1.34 1.3
230 1.02 0.96 0.98 0.96 0.98 0.98
240 0.64 0.6 0.62 0.6 0.66 0.624
250 0.44 0.38 0.4 0.38 0.44 0.408
260 0.22 0.186 0.2 0.18 0.24 0.2
270 0.186 0.1 0.14 0.12 0.18 0.14
280 0.12 0.06 0.08 0.06 012 6.088
290 C.16 0.1 0.14 0.12 0.18 0.14
300 0.22 Q.16 0.2 0.18 0.24 0.2
310 0.42 0.38 0.4 0.38 0.46 0.408
320 0.64 06 0.62 0.6 0.66 0.624
330 1 Q.94 0.98 0.96 1.02 0.98
340 1.32 1.26 1.3 1.28 1.34 1.3
350 1.76 17 1.74 1.72 1.78 1.74
BGO 2.12 206 21 2.06 2.14 2.096
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4.4 mmaaasi 4 rinmstlouldsunsuuasriinissnedggin Sine RpsFyg ™
=
Iy

4.4.1 yailszavd

1. ienasauMInIuveslusunsuilotlauns v Sine tpIaE@L?
2. lénsuds output Asenuindusnsmzla

3. lemmuanw ldauysnives Output tRemIFuLlsilunmesasdatyl

4.4.2 ansolflaanmw

1. Hall Sensor 2@
2. Oscilloscope 118304
3. Supply Dc 1 18589
4. Dc motor 1@

5. 21937050520 Offset Waz Amplitude

2006-031.09 Z21:04:53 [f
YOKOGANA @ 1585

Yok HOrmal
100kS,S  18nsHiv

CH1 1:1
0.580 Urdiv
BC  Full
CHZ 1:1
0.500 V-div
BC Full

DA Aging 10k 3>

Edge CH1 §
futo
1.020 V

G860

X SAIEU Rt (G2 2.
Hin (C1) 0.00000U Rin (CZ) -29.296%V
Freq(C1) 34.62604Hz  Freq(C2) 34.68609Hz
Duty(c1) 50.87~ Duty(c2) 50.16x

51 4.11 nmWnInasasf 4
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4.4.3 ayuan1ineany
nNnTNITnassdsAniilaslandyyin Sine WRBIFQN ALY
4 o 3 A4 aa a o w4 oA oA o e .
wlddyyronewiwndadansucdazUdsmelddanlugif 1 uaz 1297 3 Aidaans us

1290 2 udz 4 Gadasinisuiladaldlassidgin Cosine Wandwdauly

4.4.4 Tgwnazadasa
1. dygnaiundslaifullaudasnis

2. TRYYIMIUNIUALAAINTUTUTEAD Offset ez Amplitude

4.5 Msneaasn 5 iamstlaulilsunsauazvinnisd e s Sine uas Cosine
4.5.1 3nlszaoa
d‘l a d‘ " -
1. Wanagaumaiurasllunsudiodlaunv Sin uaz Cosine
2. lanTudls Output Raanuninduansmla

9 [ A Bur [
3. lenTuanu 1uauyitﬁmaa Output Lwamsﬂmﬂgalumiﬂﬂaawa‘lﬂ

4.5.2 qﬂnsﬁmﬁa‘m

1. Hall Sensor 2 ¢
2. Oscilloscope 1 Lﬂéaa
3. Supply Dc 1 Lﬂ%m
4. Dc motor 1 @3

5. 1937UTUTz0L Offset uaz Amplitude
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=jiox MOTMal
198kS/s  10Msdliy

T << MainFiok > © CH1 1:1

: : : 0.500 U div
DC Full
CHZ 1:1
0.500 U dijuv
DC Full
cH3 1:1

50 .0nU.d iy
DC Fuli

Edge CH1 _§
futo
1.020 U

GOGO

Hax (C1) 2.54167V Hax (CZ2) Z.49154V Max (C3) Z56.250mV
Hin (C1) 0.08000y Hin (CZ2) -B8.46354nV Min (C3) —1.16667mV
Freq(C1) 35.80175Hz Freq(CzZ) 35.14938Hz Rms (C3) 143.479mV
Duty(Ci) 58.96: DutyiCz2) 50.19:~ Freq(C3) 34.89184Hz

gﬂﬁl 4.2 nTIWMINAREIN 5

4.5.3 a‘§ﬂnam‘snﬂaaa
naInNLIlavinnisilaw Sine  uaz Cosine 191 lUszunaHA W
= { ' = o =
lulnsnaulniaaat ts1aziwnindfowudasvasnswlugen 2 uas 4 PoLavinned
ar & o C oA P’ P d a w
anwusiilu 3 iy uddiliaufanaiazasgladnedmdanunguiainuisauaad
@ Wiwniaanain99liussdy Offset Uaz Amplitude dANaLAnd1INLAUTIGUEIIE9
=~ '] WA = n; 1 0 1 d L]
nolu (v, ) Jesildiiannufiawaiafisenderasudazsremiazladiimsudlalunns
naaaunTIda

4.5.4 Igvinazadassa
1. dygronanviwndsliilwldeudasns

2, LNANITLANTDITOUAD Y AILARZT I

4.6 MINANIT 6 iN15U5UTEAY Offset iaz Amplitude TV AULTIRUS 1954
4.6.1 aailszaod
1. Lﬁamaaunﬁﬁﬂmumq@mnwiawaarmw
2. 141¢ output ﬁaanmﬁﬂuﬁnwmzﬁawidﬁ'q@

v ' | e '
3. ldmmuaa laauysoizas Output Lem i lummenadsiely



47

4.6.2 aunsoin s

1. Hall Sensor 2 @2
2. Oscilloscope 1 Lﬂ%aa
3. Supply Dc 1 Lﬂ‘%ad
4, Dc motor 1 a7

5. 1997U5U Tz Offset LAz Amplitude
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Hin (C1) ©.09000U Hin (CZ) -B.46354rW Hin (C3) -4.16567m0
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AMARWIN N

Solid State Hall Effect Sensors

Honeywell

Solid State Hall Effect Sensors

High Performance Miniature Ratiometric Linear

FEATURES

= Small size (180x 118

« Power consumption of 7 mA
at § VDC for energy
efficiency

« Single curment sinking or
curent sourcing output

» Linear output for crcut
desion Mexibdity

» Buitt-in thin film resistors are
laser trimmed for precise
compensation

» Rai-o-rail operation
provides more useable
signal for higher accuracy

» Temperature range of -A0°C
to +150°C

« Responds to efther posdive
of pegative gauss

» Quad Hall sensing element
for stable oulput

TYPICAL APPLICATIONS

E

AWARNING

PERSONAL INJURY

+ DO NOT USE these
products as safety or
emegency stop devices, oF
in any other appiication
where failure of the product
couid result in personal
injury.

Failure to comply with these

instructions could resuit in

death of serious injary.

SS490 Series

= &

The 55490 Senes MRL {Mniature Ratiometric Linear) sensors are small,
versatiie linear Hall effect devices which are operated by the magnetic fiekl
from a permanent magnel or an electromagnet. The ratiometric cutpl
voltage is set by the slpphy voltage and varies in proporton to the strength
of the magnetic fiekd.

The integrated crcudry provides increased temperature stability and
sensiivity. Laser trimmed thin fim resistors provide high accuracy (nul fo +
2%, sensitivity up to 13%) and temperature compensation. Thase linear
position sensors have an operating temperature range of -40°C to +150°C,
approprate for industrial and automotive environments. They respond o
either pasitive or negative gauss, montoring efther or both magnetic pales.
The quad Hall sensing element minimizes the effects of mechanical or
thermal stress on the output. The positive temperature coefficient of the
sensitivity (+0.02%"”C typical) hetps compensate for the negative
temperature coefficients of low cost magnets, providing a robust design
over a wide temperature range. Rail-tr-rail operation (over fufl voltage
range) provides 2 more usable signal for hgher accuracy.

The recent extension to the product iine, the SS490B Series, offers cost-
55450 high-performance products. Like the 55450 Series, the SS490B
has a typical sinking or sourcing output of 1.5 mA continuous, ses T mA of
supply curent at 5.0 voits and 25°C, and provides: predictable performance
over the full emperatra range. The 554908 Series sensors have wider
null and sensitivity tolerances and a wider drilt over temperature.

The 554908 Senes sensors e a new lower cost product ne exiension,
They complement the SS490 Series of small size. high accuracy and high
performance miniature knear products.

AWARNING

MISUSE OF DOCUMENTATION

« The indormation presented in this product sheet i for refersnce only.
Do not use this document as product instalabon information.

« Complete instailabion, operation, and maintenance infonmation is
pioviced in the instructions suppiied with each product.
Failure to comply with these insiructions could result in death or
seriotd mjury.

Sensing and Control



Solid State Hall Effect Sensors

High Performance Miniature Ratiometric Linear

$5490 Series

SPECIFICATIONS (V. = 5.0 v, fu = 48 10 +125°C, unless otherwise noted)
| Catatog Listing Type S5(95A | S5495A1 | SS485A7 | 554958 | S5496A | 55496A1 | ss4%a
Sogpy Woltage {VOC) 45w 05
Suppry Currect  25°C imA} - 70
[ 87
Cupit Typs {Sivk or Source! Ratometric
Outpat Current ImA)
Typ. Sink or Scurce Vs > 45V 15
Min. Sorve  Vsr45Y 18
Bin Srk | Vs>45Y 08
Mn Sk VE>50V 10
Operating Terperatere —AD 10 +150°C {46 to +302°F)
Magnetic Range, Gauss Tip. + 670 1670 +070 £870 +840 + 840 +840
bn 800 800 + 800 om0 710 *75D 750
Output Vokage Span Typ. 0.2 e{vs02)
Men T4 to (Vs0 4)
Null (Craput @ 3 Causs, V) 2EG20575 | 25040075 | 25020100 | 25040150 | 25020075 | 2500075 | 2R 150
Sersiivity [W/G) F125 40 125 | 3.125 20.004 |3 12820 156 |3 12630 350 | 26020100 | 25040075 | 2500200
Linearity. Ty BRI
% of Span: Ma, a5
Temperauss Emor
Nl Dt 4°C3 2008 04 +0.07 008 10048 1003 009
Berstiviy Dnft  (W'°C)
2 25°C Max. 001,005 | 002 +008 | €02 +008 | 001 «005 [ -001, 4008 | £D01,+004 | -0m 002
< 25°C Max. 00 +000 | U6 +G.0¢ | -0.01 +007 | -002 +0.08 | 00, +008 | 00 +008 | -002, +0.08
BLOCK DIAGRAM MAXIMUM SUPLY VOLTAGE vs. TEMPERATURE
P Ve I+!
; MAGSMAS] ALLOWAR E ANSENT TEWPERA TURE
et S C ol amm
PSSR [t

TRANSFER CI-LH.R&C'I'ERIS'I'ICS at Vs =50 VDC
(=4

. e AT BT
45 TS T L TASE
TY=iC AL
38 VRIS
—€dQr -322 a 12 E40

2 Honeywelt « Sensing and Control

SUPPLY WOLTS

AMENENT TEMPERATLRE “C

For appiication help: call 1-800-537-6045



Solid State Hall Effect Sensors
High Performance Miniature Ratiometric Linear 55490 Series

MOUNTING DHSENSIONS (for reference only) mmin
TAPE STYLE T2

g 1 EE 2]

i Lol
S

IR sk T

SENSOR PACKAGE ( 1 Centering of Hait ontl)

+GaTE
Loodm 2v
/
2xag’
E H L2564
=910
& oes .
oo i o9
16 ‘*;[""u
i
X QR
orr § BB
e 043
2n L o MeAX FLASH
4
0s 5 T
oo T
OPTIONAL SURFACE MOUNT
152
L _.["um
[ 0.4 T
iz 3x D
601
u{} {IHE, ._—f

For apphcation help: cal 1-200-537-6045 Honeywedl « Sensing and Control
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Solid State Hali Effect Sensors
High Performance Miniature Ratiometric Linear 55490 Series
ABSOLUTE MAXIMUM RATINGS*
Supply voitags (V) 0.5 +11 VDL NOTICE
Outpns current ymA) 10 mA Products ordered in buk
Qpecating emperature  40°C Iz +150°C (<40°F  +302°F) packaging {plastic bags) may
Starage twmperature J55°C (o +1857°C (-87°F o +320°F) not have perfectly straight
Magnetic fiux Ma émr Circulr cannot be damaged by magnetic. leads as 3 resylt of nomnal
ovar-drive
- e - r— harxing and shipping
* Absahuk r rati the limits that the d wi )
wthatand wilhout damage o the devios. Howouer, the elecirical 200 operaons. Please order a
mechanical characteristics Ave ndt gudrantaed as the maxsmam limits {sbove tape packaging option for
recomrmmended operaing conditions) are approached, nor witi the device applications with criical
necassatly cparate at absohsie maximum ratings. requirements for straight
leads.

WARRANTY/REMEDY Specifications may change For application assistance,

Horeywed wamants goods of its  without nolice. The information we  curment spedifications. or name of
manufachure as being free of supply is betieved to be acarate the nearest Authorized Distributor,
defective materials and faulty and refiable a5 of this printing. contact a nearby sales office. Or
workmanship. Contact your focal However, we assume no calk:
sales office for wamarty respotsibility for iis use 1-800-537-6945 USA
iformation. f wamanted goods Whie we provide application 1-800-737-3360 Canada

are refumed to Honeywed during  assistance personally, through
the period of coverage, Honeywell  our Iterature and the Honeywed

will repair or replace without web site, il is up ko the customer
charge those items it finds to determine the suitabiiity of the
defective. The foregoing is product in the apphcabion.

Buyer's sole nemedy and is in lieu
of all other warranties,
expressed of implied, including
those of merchantability and
fitness for 2 particular purpose.

1-815-235-6847 International
FAX

1-815-235-6545 USA
INTERNET

afo@micro honeywell.com

Seasing and Cenmok
Eonevwell Ter
11 West Spring Stresl
Freapamt Dlxaois 61632
www horeywili comisensing
-Gy -

o 20w R kel Fagar
DSBSt W LSDGLO RS Prakcds USA
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Low Power Quad Operational Amplifiers LM324

National
Semiconduclor

LM124/LM224/1L M324/LM2902

Low Power Quad Operational Amplitlers

General Descrlpllon

The LIM124 5a7l0s CONSISIE of fout N0Gpancany high gam,
Inemaly Fequancy compensalad cpoerabional ampiors
which 'wors 0asignod 3pacinically to opamio Tom & Singke
POWG SUDDlY OVer & Wide Fange OF voitages. Oparation Tom
Splt powdl supplios s aiso possibie and e bw power
SUPEY CUrment drain |8 indepandon! of ha magnifude of e
oWl SUPPY wollage.

Appication areas Incude fransducer ampiors, DC gan
DIOCKs and & e CONVeNtional Op Bmp CcUts Wi h now
can ta Mmora caslly IMplomeniad N SINGMS POWS SUDDY
Systoma. FOr oxamplo, T LM124 sofes can be directly
SO O O T STANGRANT +5Y POWGT SUDPlY voRipd Which
s Usad N agital sysioms and Wil sasly Drovisa the hequi—ed
imorace albctroncs winout roquirng T acdtional 15V
PO SUpPIGS.

Unique Characteristics

B N0 Ineal Mo e DU COMMON-MONS VOIEgD
ranga INciudas ground and e oUpUt vortge can aiso
swing 1o @ound, avan Lholgh operaiad Tom ooty @
Bingia pOwWe! ﬂmm

® Tho unfly gam cross frequency s tempershse
compersatod

Advantages

= ENminaios nood for dual suppliea

= Four iromaly compensated op amps N 8 singls
package

a ARows (achy Sensing nasr GHND aNd Yoy 38C D0S8s
lo GiND

B CCTPaNDs with &l Tonms: of logic

u Powa 0Tain sifabia 1of bafikedy opetalion

Features

# Inernally Inequency Compansated Ky Urdly gain
u Larpe DC volioge gain 100 aB
u Wie DendwhaD Jublly gainy 1 MHI
(omperatiin componsaiody
u WHIO Dower SUDDlY 1BM0a:
Sine supply 3V 1o 32V
of dual suppdos 1.5V 10 216V
B oy low supply curmeni aram {700 pA) —assensslly
Nacpendiant of supply vokage
B Low Input blissing custont 45 R
(mperaln compensaiia)
u Low input oftsat vollage 2 MY
and oifsat cumsnt 5 nA
B input MOdS ¥OlEge range INCludes (Found

= The INpui bies curment |5 also mperalure P

B Diforantial INpit voltage nge qual 1o (e powsr
SUpply ¥otage
» Loige culpul voRkage a@ing OV 1o V- - 1.5%

Connectlon Dlagrams

Duai-in-Linws Packege

WTHI ¢ Ut

- Ty 13

ERE MRt )T Tl S RetRtE

il T 3 ()

B,

1 2 3

ST bt sl T

[ [» i

WA T AT e T ]
SO

Top View
Orier Number L24Y, LT24A), LMYZAVBED {(NDW 2), L 24ANDE) (Hote 1), LM2Z24J,
LMZ24A0, L MI24S, LNOZER, LIAT)AEX, LMAAARE, LRETMA B, LNCO0IM, LMOOUAIY, LN LAEXMAN,
LAEMMT, LMIMMTK 0f LM2G02H LI 24ANROML and LA JROME V(Hob 3}
Sew NS Package Humber J14A. M14A or M14A

02004 M EnE c

sie|)jidwy [euojieledO pend Jemod Mo ZOBZW VPZEWVPZZW IPELIN
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Connection Dlagrams (conmuay

QUTPUT Y [ ] . OUuTPUT &
Py T 1~ )T 4~
TR e | : INPUT 4+
] LMizaw Pl
eyt 7o [ ! HEUT 3+
et - ) —r
QUIPLT 2 I‘ij s:.I QUIPUT §

O
Order Number LN 24AW/BA), LMTMAWG/BED, LMT24WBS3 of LI 24WG/s3
L Z4AWROML and L3124 AWRGNLV(Note 3)
S6¢ NS Package NUmbar W14B
LN 24AWGROML 1na LM 24 AWGRONML ViNGIG 3
560 NS Package NUMDOr WG14A

Mot 1 LM 244 evaileble per JM3851011008
Bote 2: LAN24 svailabie por JU3BS H0A 1006
Bote 2: Seo ST b DWG 5062REGS04 tor Radimtion Toloromt Dexicy

Schematic Dlagram cach ampanery




Absolute Maximum Ratings (vt 12

0 MRRY/AMOSDECO Specied dovices are mquired,
pieass contact the National Sariconductor Sales Office’

Supply Vollaga, v
Diflarenttal Inpul Vollage
Inpul voitape
Inpul Cugrent
(Vi < -0.3V) (Nole &)
Powet Dissipation (Nota 4)
MCKIOA DIF
Caviy DIP
Small Qutine Package
Outpul Short-Circult 16 GND
{Ona Ampiitiar) (Note 5)
V' s1% end T, =25C
Openating Temparalre Range
L3244 M324A
LM2244 M22AA
(M1 244 M124A
Slonge Tamperatire Rarnge
Laad THMporalae (Sokamng, 10 Soconis)
Sol0aIng Inotmation
Duakind na Fackage
SCIOOMNG (10 SAconds)
Small Cune Packege
Vipod Phase (60 $atonas)
rikared (15 sac onds)

540 AN-150 "Surlace Mouniing Mathods and Thel Enect on Proauct Rekalddly” 1ot oihar Mothods 0F S0M15MNQ SAFace mount

Distribulors for avaiability and specticalions.

LT 24 M4/ M0
LM 24ALMI24ALMIA

0.3V o X2V

50 mA

130 mw

1260 mwW

BO0 MW

Continucus

o

C 1o +70°C

—25'C to +65°C
-55°C 10 +125°C
—-65°C 10 +150°C

2%0°C

%0°C

21¥e
z20c

26v
26v
0.3V 10 + 26V

50 mA
1130 mW

1260 mwW
800 mw

Conlinuous
—40°C 0 +85°C

—65°C 10 +150°C

260°C

260°C

215°C
220°C

dovios,
ESD Tolrance (Note 13) 250v 257
Eiectrical Characteristics
V* = 45,07, (Nola 7), unioss oihormso staiod
LM124A LM224A Lux24A
Faremater FonaRiom Win Typ Wax M Typ Mex M Typ Max |
put Oftset Vollage | {Noks 8) T, = 25°C v 2 v 3 2 3 |mv
input Btas Cunent ey OF Doy Ve = OV, 20 50 0 o a5 100 | na
(Hote 8} T, = 25°C
WAL G561 CTOn. | Trugey O ey Vious = OV. z 2z 15 5 %0 | nA
T,=25C
AT Commonwode | V- = 30V, (LMES0Z, V* = 26V), V5| 0 w15 0 v1s| v
Vaftege Range (Note | T, = 25°C
L]
Supply Curont Ovar Ful Tomparatire Aange
Ry = ~ ON Al Cp Amps ma
¥ = 30V (LM2S02 V™ = 26V) 1.5 3 1.5 2 1.5 3
V=5V 07 12 o7 12 o7 12
Targe Sigra V= 15V, R 24, 100 % 10 = W it
Voitege Gam Vo= IV B V), T, = 25%C
COMMMOnN-Mods DG, Ve =W V" - 1.5V, Bs 70 A5 & E5 aB

WSZANATENIATZTA W LN
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Electrical Charactedstics conmuog
V* = 5.0V, (NOko 73, Unloss othamwtse statod )
L1244 LAEEMA LM3MA
Parsmeter Concitions Units
Mit Typ Max (Min Typ Max [Min Typ Max
Rojction Rato T,=25%C
Powar SUpply V' 5 o OV
Rejction Falio (LM2B02, ¥= = 5V i 25V, &5 1tn 65 100 85 100 @
Ta=25C
ANrpitiesto-AmpiFor 1=1KHZ 10 20 KHZ, T, = 25°C =120 120 =120 s 2]
Couphing (Nota 11) {nput Refarmad)
Sourta | V' =1V, V- = 0¥,
m bl H 20 40 20 40 20
V= 15, Vo= 2V, T, =25°C mA
SN | Ve =1V, V" = OV, o 20 10 20 020
V' =15Y Vo=V, T, =225'C
Vai =1V, Vit = O, 12 S0 12 %0 2 S0 pA
V*x 15V, Vo =200 mV, T, = 25°C
Shorl CRcUlt 10 Ground | (Note 5) v* = 15V, T, = 25°C 40 80 a0 60 4 60 | ma
Inpul ONlset vVokago {Note 8) 4 4 5 [ mv
Vg Drit Ry =00 7 20 7 20 7 30 |pvrc
inpul O%set Cument Baagey — iy Vosa = OV 0 30 75 | nA
los Dt Rg =002 L] 10 200 10 300 [pA"C
Input Blas Cutent Noige Yoy 40 100 40 100 0 200| na
Inpul Common-Mode V=0V 1} y=2{ 0 V2| O v v
voitage Range (Noto {LM2002, V™ = 26V)
10
Large Sionat V* = +15V [VoSwing = 1 to 11V)
Vorags Gamn R, 2240 25 25 15 vmv
Ouitput Vou | W =30V R =2k % 26 26 v
Voitaga
Swing (LM2002, V- =26V) | A = 10KQ 27 8 27 28 27 28
Voo V* =5/ R = 10KQ 5 20 5 20 5 20 mv
Output Source | V., =2V V= +1V,
Cument o b w20 w20 w20
Voo =0V,
Ve =15V ma
S Ve =+1¥, |10 15 5 B 5 8
V" =0V,
V=15V
Electrical Characteristics
¥+ = +5.0V, (Nolo 71, unioss othomise stalod
LMI24 224 LM24 L2002
Parameier conditons nmmmunmmmmmm
Inpal Ofiset vollana {Nole 8) T, = 25°C 2 5 2 7 2 7 my
Inpul Btas Cunerd Iroges OF e ye Vo = OV,
Mots 9 T, = 25 45 15D 45 250 A5 250 A
Inpul ORset Cunant bae) OF bnagsys Y = BV, 3 a0 5 50 s 50 | na
Ta=25C
Input Common-Mode | v = 30V, [LM2002, V* = 26V), 0 v-t5| o V5| 0 v-15] v
Voitago Ranga (N0 T =25C
103




Electrical Characlerislics conmsn
V* = 4500, (NOIG 73, NBSs oMonwss saked

. LA 24 224 L4 ewz |
onditions Win Typ Max [Mn Typ Max |Min Typ  Max
Supply Current Over Full Temporalire RaNgo
A, = = ON A Op AMps ma
V- = 30V (LMZBIE V- = 26V) 15 3 15 3 15 3
V- = 5Y 07 12 o7 12 07 12
Large Signal V" = 15V, = 2, 50 100 % 100 > 0 =y
Vollage G Vo = TV 10 11V}, Ta = 25°C
Common Mode DT, Vou = OV 0 V° — 1.5, 70 85 & 65 50 70 )
Rojoction Rato T, =250
Power SUPl V- = 5¥ 1o 30V
FisfacBon Ratio (LMBDO2, V' = SV 19 26V), &5 100 & 160 50 100 -
=25C
AMOINGIICATONGr | 1= 1 KHE 10 20 KHZ, T, = 25°C 120 20 T B
Coupiing (Noke 11) (It Reterred)
gm BOUKS | Vay™ = V. V™= OV, 2 a0 20 40 2 a0
Ve = IV, Vg = 2V, T = 28 ma
SNK | Vi = 1V, Vge* = OV, 0 20 1 20 10 20
V= ISV, Vg = 2V, Ta = 26
Vor = 1V, Vg = OV, 1z 50 2 %0 1z 50 LA
V= 15, Vo =200 MY, T, = 25°C
‘Short Cireutl 1 Bround | (NG 5) ¥* = 15V, T, = 25°C w60 0 @ W0 60| mA
Wpul Giset voitaga | {Noke B 7 ] 0|
Vs DN Rs = 002 7 7 7 WG
O OMSek GO | Fracay = Imieeps Vorr = 0¥ 100 150 3% 200] nA
Too PN Re= 0 1€ 0 10 PATC
Wipu! Bres Current Traces ™ To g X 200 30 500 30 500 nA
npui CommonMode | V° = +30V ) valo vzl o 2| v
Vollage Aange (Note | iLmM202, v= = 26v)
1)
Lerge Signel V= +15V (VoSWing = 1V lo 1Y)
Voitags Gam A z2m 25 15 15 VW
Oupnt Vo | V- =30V R-2xk2 |28 26 22 v
Voitage
Ewing (LME00Z, V=26V [ Fr = 0KD | 27 28 ) ENE
Voo |V =S5V.R -10KD s 20 5 20 5 100 | mv
m SOURS | Vo =2V Vet =+ s oo 20 10 20
Ve =W,
V=15 mA
Sk Ver =+, | 5 8 5 8 s 8
Vai" = OV,
Y= 15

Hole 4: For opaaling b bigh tompomlweos. ey LMECHLMGAAANZIONG wwrt be demied based on & +125°C rasiewn pncion temporohur s and o torral
mdmﬂ“#hhh“mnﬂﬂm wiing in o sAll air arabised The LRENMA B0 04 and LIV 2000 148 can
. d based 08 2 +HIOTC mash Amcticon boraporanre. The dmipalion i $o ol o ol kow anglilive —uss ool aEions, whmn possids, 1o shoe he
angiies © setsste of 1 reduce $e poses which s decpated i the ogeated cicwll,
“‘_Shn-dmﬂ“ﬁwn?mwmmmmﬂmmmmmhgmhmmq-
by A0 aA ncepemd d‘- ‘*d?‘l“dowbwhpnmdalﬂ”lhﬁmﬁmnﬂdhm
&w‘gl-‘n- vouknd & S apelion: can reswll o smaliereous abarks on all aseplifiss.
“l:Thmmﬂ“mmhﬂvuwdhmhﬁ-mmt-hhhmmdhmm
Warsistors becorning forwesd binnad and themaby acting e inpul Sods clarpa b addibon o thic disds acion, thess & sheo lebesal NN pasasilic & ancistor scton

DR ZEWNIPZH WL
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Electrical Charactenstics comnuen

e G This kamsisior ackon o n-n-hnqudv-ull- P 0 g et MH 1o ground for 3 harge cumrdrive) ke e o dursiion:
u-qu‘znar oy This et do el r"hw.’ M:nm agin s b3 & Ak
poaler -

Notw T: Thoss apeciications aps Bwnied 10 —B5C £ T, £ +125°C bow the LNH2ALIH 300, Wikh the LMEDLA MOT4A, ol wmpomiam apocilicaiors ere fedad
—5C < Tax +86C, the LNE2HLMTIAA roarpormiuse speclications wa lniled 10 O0C £ Ts £ +30C. nd e LMEIOR apecilic.aiions am fmited w -0°C 2 Taz
850,

Notm 8: W« 1AV, Ay » 00 with ¥ o SV in 3% and cver the foll inpudl comemon-made iange fI¥ e ¥ — 1.5) for L2B02 ¥ rom SV 10 20V,
ln.l:mimdh‘-pu-ﬂia-dhl:d-bhm'-pushp.ﬂim—i—ﬂymﬁ,idwduddhﬂdhmw
Noke 10: Mmmwddﬂmwﬂp“mhwhpmﬂnHmmnwgmﬂnwn‘dh
oomaros-mods voltage range is ¥ - 1.6Y (@) Z5'C)L but cithor of both inpass can go 1o +22Y without disrage (+23Y for LMDEI2), indapendant of tho rragrihris
d v,

Nols 11: Il-h;mﬂyd‘mdm’m e thal coupling & not originaling vie Srey aspacilasce Iatwoan e axcarnad pant. The iypically ces be
detocied as thim typs of ong o highor e

Noim TE Fefat v PETST 24 for Ll 1244 mditary spacilineticay and sdec bo RETS 124X Kt LMV milkary spoclicalions.
Nolm 13: Hamen body model 1.5 ki in scsos with 100 pF

Typical Performance Characteristics
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Typical Performance Characterstics conmnuea
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Typlical Performance Characteristics (connusa

=
£ :
- i i
k3 Sl = =
= .
£ ;
- i r
2 ; i
=3 8] 3 =
™
'
£ H
B
o0t
CH oE (R4
fg = DRIt LMK CLERERT (i §
e
Input Current (L2002 onty}
el
F-
z
&
x
= 50
]
H - /
% Lret™ 7, m 43550
T i3
E
0
a Q 0 30

V- BUPPLY HOUTAGE (W}
DTS

Applicatlon Hints

Tho LM124 sofies are op ampa which cperate with only a
singlo power SUDDW vollage, have ue-diferantial Inputs,
and tamain in the iNear moos with an INpUL commoen-mode
VoItage of O V.. Thasa ampitiors cparalo Over a8 wiod range
of powet SUpply voilage with lite chenge I performanca
characterBICS. At 25°C ampisiar operation Is possitle down
10 & MINENUM SLUPRY voitage of 2.3 Vg,

The pinouts of the package have baen designed 10 simplly
PC board layois. Invering inputs ara sdjacait i SUIPRS 104
all of the ampafers and 1ha cUlpUTs Nave ASO Doan piacadad at
the comens of he package (piNs 1. 7, 4, and 14),
Procautions $houtd be takion 10 insure thal the power supply
10 15 Integraled Crcull nevel DECOMas Ieversad In polanty
o that e unil B nol Inadveriontly INstaled backwards N a
st SOCKA 8 8N UNIMAlod CLETGNRT SWHgD HoUgh the resull-
Ing Iowad odo wilhin the IC could cause fusing o the
Intemal conduciors and resull kn a destoyad unil.

Lerga dforonilad Inpukt vollages can Do aasly accomMmo-
daled and, as inpul dllorential voltage prolecticn dodes afe
ot nesded, No large npul curtants resull 1om falge Oiffar-
aniBl NPt wiagos. Tho aFolontal NP YOIge may be
largsl than v+ without damagin) e dowica. Prolaction

15 = DUTPAT CURRINT (mAge ]

+
a

a
i

-55~3% -:5 § 2% 4% E% 8% 105 3%

7, - TEWRIRATUIE (V0]

Vofage GalR (LM2902 onty}
B0 T

1

& =20un

120 #
ot Ro=5eas |

.14

40

gy - VOLTAGE BaK {38

v - SuRPLY o Task {vyt
e

should be provided ki prevant e Wiput wollagaes MM going
negalive more than —0.3 Vi, . (8t 25'C). An Input clamp dkode
with 8 rastsior 10 the |C input tarminal can be used

To 1educe e pows! supply aiam, the anmplfiers have a
cEss A ouipul Siago 1of $mal signal levels wiich Comrvedts 0
cBEss B in 4 kigo signal moda. This alkws the amplifiers 10
Doth sOWca AT SNk large outpul currents. Tharaiore both
HPH and PHP axtamail current boost tansisions can be usad
1o wxtond the power capabily of 1o Dasic ampiipers, The
oUiput voitage naods 10 raise approximatoly 1 GIO0S drop
above ground 10 biag the on-chip varical PNP transssior fof
OUpUt cusrand sinking appicalions.

Fof ac applic #ons, whedo the 030 I8 capacitively coupled to
T oulpul of e ampdner, @ resistor should be rsed, KoM
T cutpud of the ampiiol 10 ground 1o InCraase the class A
Dias CuTan nd provend crossover oElerion

Whots The I0Bd I8 dreclly coupled, @3 I O appicalions,
el IS N0 CIosSovel G5LorBon.

Capaciivg loads which are appiod drectly %o e culpul of
the ampite reduce he Dop stabily margin values of
SOPF can be FCCOMMOGAaE USING ho WOrstease non-
ol A URy JaIN CoNNGCUON, Larpe closed loap gains of
1osistive BokaBon Should Do usad I targar i capaciant ¢
must be drvan by T ampiiel.
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Physical DIimensions o mmmetom unicts omorwise noted
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Ordor Numbdar JL124ABCA, JULI24BCA, JUI2AASCA, JL123SCA, L1224,
LMA124AJ, £ M1 MALARS, LNN24J/880, LEZ24, LM224AJ of LM324)
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Physical DImensions wchos (mismetors: unisss oihonwisa nolea (Cominuad)
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MoHIed DuaHn-LIng PACKSGe (N}
Order Humber LMI24N, LIIHMAN of LM2ZD02N
NS Package Humbor NT4A
- |~ gjg:g r— (. 385 MRY —»
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JLISDA, LMIZAAW/BS), LMT24AWG/BR), LMT24W/8) of LM124WG383
NS Package Mumber W148
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LM124/LM224LM324LM2902 Low Power Quad Operational Amplifiers

Physical DIMeNsSIONS nches imMmetors) Lniass otherwise noled {Coniinued)
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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS (N LIFE SUPPORT
DEVICES OR SYSTEMS WITHCUT THE EXPRESS WRITTEN AFPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used henoin:

1. Lfe suppont dovices of systome am dovices of 2 A cgitcal componont k8 any componant of & life

systoima which, {a) are intendad for sungical implant support dewice o systomn whose fadum o perform
inlo the body, or {b} suppoit of sustain lile, and can ba neaconably axpacted o causs the faluro of
whosa faluro to perform when propardy used in the e support devica or systom, of 10 aflect its
accordance with instiuctions for use providad in the safaly of offactveness.

labefing, can be reasonably expecied t© result in a

significant injury 1 the usar.

BANNED SUBSTANCE COMPLIANCE

Mational Semiconductor carifice that the products and packing rmatedals moet the provisions of the Customer Products
Stowardship Specificaton (CSP-0-111C2) and the Bannod Substances and Mawdials of Intorost Spocfication
(CSP-8-11152} and cortain no “Banned Subslences” es defined n CEP-9-11152

Aramriean Custoews Eastpe Custowns Support Canb Anle Foullla Cattitousi Japmn Cusiomer Sappodt Center
Suppart Cywsiar Fanc +48 (O} 80530 05 68 Buppos] Cyrlar Fac B3 68-T50F
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AMAAKRIN A

Microconverter

ANALOG
DEVICES

MicroConverters 12-Bit ADCs and DACs
with Embedded 62 kBytes Flash MCU

ADuC832

FEATURES
ANALOG 140
$-Channel, 247 kSPS 12-8it ADC
DC Porformance: =1 LSB INL
AC Porloemance: 71 dB SNR
DMA Controller for High Spesd ADC-1o-RAM Capture
2 T2-Bit (Monotonie) Voltage Outpunt DACs
Dual Output PWM/X.A DACs
On-Chip Temperatuwe Sensor Fanction +3°C
On-Chip Voltage Refstence
Memory
62 kBytes On-Chip Flash/EE Program Memoty
4 kBytes On-Chip FRash/EE Data Memory
Flash/EE, 180 Yr Retention, 180 kCycles Endurance
2304 Bytes On-Chip Data RAM
E051-Basod Core
2051 Compatible Instruction Sat {16 MHz Max}
22 kHz Ext Crystal, On-Chip Programmabls PLL
12 Intersupt Sources, 2 Priority Leveis
Duai Data Polinter
Extended 11-Bit Stack Polnter
On-Chip Peripherals
Time Interval Counter {TIC}
UART, ECE and SPI* Serial 110
Watchdog Timer (WDT), Powsr Supply Monitor {PSM)
Power
Specifisd for 3V and 5 V Oparation
Normal, Idie, and Power.-Down Modes
Power-Dowrn 25 pA & 3 Vwith Wake-Up c<t Runaing

APPLICATIONS

Optical Notworking —Laser Power Contiol
Base Station Systems

Precision instrumsntation, Smart Sensors
Transient Capture Systems

DAS and Communications Systems

Upgrade to ADuC312 Systems. Runs fiom 32 kHz
External Crystal with On-Chip PLL.

Also Avallable: ADUCE3T Pin Compatible Upgrade to
Existing ADuCR12 Systems that Raquirs Additional
Code or Data Memory. Runs from 1 MHz-16 MHz
Extornal Crystal.

Ao Coree e it » regarered tmdexrl ared CruickSwn js 8 gademark
of Analog Dievicen, Inc.
Sﬂu.nnpmndmﬂ\hmlw

FC o mgin doomert of Philipa Cerp

REV. 0

FUNCTIONAL BLOCK DIAGRAM

-

ADuCER2

]
| ™)
cmmmﬂ!mv
204 NYTES VAER Rl
INTERNAL I 11“7‘“[” I-“Cmm

BANDCAP | | e

i3 [ e
Vo XTAL XTAL:
GENERAL DESCRIPTION

The ADuCB32 n e complete smar ransducer front end, integrat-
ing » high performance self-caliwptng multchannel 12-bit ADC,
dnal 12-bit DACs, and programmable B-bat MCU oo 8 single chip,
The device operates from a 32 kHz crystal with an en<hip PLL
generating a high frequency clock of 16 7T MHz. This dock i, in
tarn, reated through s programmable clock divider from which
the MCU core chock operating Eequency 5 gencrated. The micro-
controller core is an 8052 and cherefore B)51 instruction set
compatible with 12 core dock penods per machine cycle. 62 kBytes
of nonrolade FlasEE peogram memory are provided on-chip.
4 ¥Bytes of nonvolstike Flash/ER data memory, 256 byres RAM,
and 2 kByres of extended RAM are aho integrated on-chip.

The ADuCE32 abo incorporases sddeional amaleg funcuonalny
with twe 12-ba DACs, power supply mowitor, and a2 band gap
refarence. On<chip digital peripberads inclnde two o-but 2-4
DACs, dual cutput 16-bitn PWM, watchdog thner, tme interval
coanrer, three umemkou.nms, Timer 3 for baud rate gencratson,
snd ierial 10 porn (SP1, 1°C, and UART)

Oo<clip facrory firoware supporrs in-arons serial downlosd and
debag modes (via UART) as well as single-pin emulation mode
via the EA pin The ADuC832 s supported by QuicKSuart™ and
QuickStart Plos development sysiems featring Jow cost sofrwme
and hardware development tocds. A functicnal block diagnen of
the ADWCR32 1s shown abowe with & more dermled Mook dingram
shown in Fagare 1.

The pert i specibied for 3 V and 5 V operation oves the actended
industrial temperature range and b available m a8 52-1ead phistac
qaed flatpack package and & 56-kcad chup scale package.

One Technology Way, P.O. Box 0108, Noerwood MA 020626106, U.5.A

Tak ToLrI0- 400 www.analog.com
Fax T81/32%-8M3  © Analog Dewices, Inc., 2002. A rights resesved.



ADuC832
SPE[:“:":A-"O"SI gy = DVpg= LT V10 13V Or 4.5 V10 5.5 V: Yoy o 2.5 ¥ Imtorna Rufuruace, Frpa =16.70 M2
A spectbcations T, = Ty 10 T, uless stherwise neteil}
Paramcter Ypp=5V Vop=3V | Unit Test Conditiony/Commemis
ADC CHANNEL SPECIFICATIONS
DC ACCURACY®:? fypagny = 147 KHz, see Page 11 for
Typwal Performance ot other fr g
Resclugen 12 i2 Bas
Integml Monlineadry 1 3 LSB max 25 ¥ Internal Reference
0.3 $0.3 LSB iyp
Differential Nonlinearity 109 t0.9 LSE max 2.5V Internal Reference
40.25 +0.25 LSE wp
Integml Nenlincarty! 15 15 LSB max 1Y Exwernal Beference
Dhfferencal Nonlinearity +1.500.0 +1 509 LSP max 1V Exernal Reference
Cede Distnbation 1 1 LSB o ADC Inpart 33 @ DC Volmge
CALIBRATHD ENDPOINT ERRORS™*
Offset Eror = 14 LSE max
Offect Ervor Masch 11 1t LSB op
Gain Brror 12 +3 LSR max
Gain Error Match -85 -85 dB ryp
DYNAMIC PERFORMANCE oy = 10 kHz Sine Wavre
faanens = 147 kHz
Signal-to-Noise Ratio (SNR) T T dB oyp
Total Hatmwonic Disworton (THD) -85 -85 dB typ
Peak Harmonic or Spuxrious Noise -85 -85 dB op
Channelto-Channed Crossali’ -80 50 dBtyp
ANALOG INPUT
Input Vohage Ranges D to Vi 0w Vigr v
Leakage Curear t1 +1 MA mex
Input Capacitance 32 32 pF wp
TEMPERATURE SENSOR®
Yoltage Ourput st 25°C 650 650 m¥ oy
Vologe TC -2 -20 mV~C vp
Accurcy 13 3 *‘Cop Internal 25 Y YVigep
1.5 +1.5 Cop Faxrernal 2.5 ¥ Vigr
DAC CHANNEL SPECIFICATIONS DAC Load 1o AGND
Internal Buffer Bnasbled B =10k Cp =100 pF
DC ACCURACY'®
Reschrton 12 12 Bus
Relauve Accuracy t3 13 LSE oy
Differental Nonhneariry™ -1 -1 LSH max Guamnired 12-Bit Monotonic
172 112 LSBtyp
Offset Ervor 150 150 wVY max Vier Range
Gain Brres ti 11 % mar AVpp Range
F 41 b3 % op Vier Range
Gan BErrer Miunatch s [1X1 % np %, of Fuall-Scale on DAC1
ANALOG OUTPUTS
Vohsge Range 0 P o Ve OwVer | Vop DAC Vpp =25V
Volrage Range_1 0o ¥op OwVpp | Vuop DAC Vazr= Voo
Owrpur Impedance 5 05 Oop
DAC AC CHARACTERISTICS
Volnpge Outpur Senking Time 15 15 e p Full-Scale Serding Time to
wihin 1/2 LSB of Final Yahae
Daginal-to-Anslog Glitch Encrgy 10 10 oV sec vp 1 LSB Change ur Maps Carry
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ADuc832
SPECIFICATIONS icontazess
Pararmetcr Yop=35V Ypp=3V Umic Teat ConditionaComments
DAC CHANNEL SPECIFICATIONS!™ 12
Inrernal Bulffer Dissbled
DC ACCURACY™
Resoluton 12 12 B
Relacre Accuracy 13 3 LSB op
Dufferennel Nonkoeariy" -1 -1 LSR max Guaranteed 12-Bit Monotonic
172 12 LSB yp
Offset Brrox 15 15 mV max Vi Range
Cain Bor 0.3 03 % oy Vier Range
Gain Exor Mismewch? 05 05 % max % of Tull-Scale on DACE
ANALOG OUTPUTS
Voltage Range 0 0 to Vper 0w Vs Vip DAC Var=25V
REFERENCE INPUT/.OUTPUT
REFERENCE QUTPUTH
Oraput Volmge (Vier) 25 25 v
Acamacy 28 25 % max Of Vags Measnred at the Cpgg Pin
Power Supply Rejecticn 7 57 4B oy
Reference Temperanue Cocfboran 100 100 prm”C oyp
Inrernsl Ve Power-On Time RO 80 ms typ
EXTERNAL REFERENCE INPUT™ Vrer and Crir Pim Skorted
Vohage Range (Vo' 0.1 01 VY min
'DD "m V max
Inpur Impedance 20 2 Kl ovp
Input Leakage H 1 PA max Internal Band Gap Deselected wia
ADCCON1 6
POWER SUPPLY MONITOR (PSM)
D¥pp Trip Pomrx Sebecoon Range 243 ¥ mm Foar Trip Poinrs Selectable in
437 Y max Thia Range Programmed wia
TPD 10 in PSMCON
D¥pyy Power Supply Toip Point Accuracy | 3.5 % max
WATCHDOG TIMER (WDT3
Timecut Period 0 0 ms mn Nine Tarseout Peniods
2000 2000 ms max Selectmble in this Range
FLASH'EE MEMORY RELIABIIITY
CHARACTERISTICS!
Endurance'” 100,000 100,000 Cycles tun
Deta Rerention!™ 100 100 Years mio
DIGITAL INPUTS
Input High Voluge (Vag)* 24 2 V ous
Inpur Low Volesge (V) 08 0.4 V mar.
Inpue L eakage Crrrene (Pert 0, EX) £10 110 PA max Voe=0Vor Vpp
11 11 pA ovp Ve=0Vo Voo
Logi 1 Input Currenx
{All Digial Inpuxs) 10 110 pA max Vix= Voo
+1 +1 PA yp Vo= VYoo
Logic O Input Cument (Por 1,2, 33 ~75 -2 pA max
—40 ~1% PA typ V= 450 m¥
Logw 1-0 Traaxution Coerexs (Pent 2, 33 460 280 pA max ¥iL=2V
—400 ~140 A typ V=2V




ADuC832

Parameter Voo=5V Vope3lV Unit Test ConditionsComment
SCLOCK and RESET Oniv?
{Schmir-Triggered Inpats)
Vi 13 095 Y min
30 25 Y max
Y1 X} 04 Y min
14 11 ¥ max
V1, - V1. 93 0.3 V min
085 0.85 Y max
CRYSTAL OSCILLATOR
Logic Inputs, XTAL] Ouly
Vo, Input Low Volge 08 04 Vop
Vpar, Input High Volege 35 25 Yop
XTALi Inpux Capacitance 18 18 pF oyp
XTAL2 Cruipax Capecitence 13 18 eF op
MCU CLOCK RATE 16.78 16.78 MHz max Programmable via PLLCON
DIGITAL QUTPUTS
Onaput High Voluge {Voy) 24 ¥V min Vop=45YVwsS5Y
40 Yy Loukcs = B0 JA&
24 V min Vop=2TYVwidVy
26 ki e L_;wm =20 HA
Owrput Low Volage (Vo)
ALE, Porm 0 and 2 04 0.4 Y masx Lkpp =16 mA
D.2 0.2 Vop Lk = 1.6 mA
Port 3 04 04 V max Tepex = 4 mA
SCLOCKSSDATA 04 na Y max kg = 8 mA, I3C Enabled
Floating State Leakage Current! 110 +10 HA max
*1 1 1A 5P
Floating State Output Capacitance 10 i0 rBiyp
START UP TIME At any Core CLK
Ar Power-On 200 500 s 7p
From 1dle Mode 100 100 Jis B
From Power-Diown Mode
Yakenp with INTU Interrupe 150 400 s Tvp
Wakeup with SPLTC Inrerrupt 150 100 s P
Wakenp with Exvernal RESET 150 400 s
Afrer External RESHET in Normsl Mode 30 ) ms ¥y

After WDT Reset in Nogmsl Mode 3 3 ms 1yp Controlled via WDCON SFR
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SPECIFICATIONS teorosen

Paramsctcr V=5V Vpp=3V Unit Test Conditions/Cornmems
POWER REQUIPEMENTS *- >
Power Supply Vohinges
AV DV - AGND 27 ¥ min AVopDVpp =3V nom
33 V max
45 v AVppDVpp = & ¥V nom
55 V max
Power Supply Currcon Nooma] Mode
DVip Current’ 3 3 mA max Core CLK =2.007 MHz
AVnp Curvent L7 1.7 mA max Core CLK = 2007 MHz
DVpn Current 23 12 mA max Core CLK =16.78 MHz
20 10 mA typ Core CLE =16 78 MH:
A¥pp Current 1.7 17 mA max Core CLK =16 T8 MHz
Poszer Supply Currenns 1dle Mode
DVpp Current ] 2 mA typ Core CLK =207 MH:z
AVpp Curvenr 0.14 014 mi typ Core CLE =2 007 MH:z
DVpp Current* 10 5 mA max Core CLK =16.78 MHz
9 4 mA vp Core CLK =16 78 MHz
AY¥pp Curvenr t14 0.14 mA typ Core CLK =16 78 MHz
Posrer Sopply Crxrenty Poser-Down Mode Core CLE = 2007 MHz or 16.78 MHz
DVyp Corrent’ 80 28 UuA max Osxc. On
38 14 yA orp
AVpn Current 2 1 YA oyp
DVpp Cuarent a5 20 WA max Osc. O
2 12 WA cvp
Trpical Additienal Power Supply Cimrents AVpp=DVpp=5¥
PSM Peripheral 50 UA oyp
ADC 1.5 mA twp
PAC 150 HA trp
NOTES

'Temperaure Range -40°C w +125°C.
FADC liowarny  gomtmucod during, sormal MacroConverier core cparstica.
*ADC LSB Siar = V3V ie., for Internal Ve, = 2.5 ¥, | LB = 610 | and for Exsernsl Y, = 1 V, 1 LSB = 204 |V
%zMnmpMﬁmmﬂhmthmﬁw‘ izetion detw on produciion roesse.
*Offet soud Gumin Esror and Offset arxd G Evsoe Mach s s svured sfier factory calibretion.
*Breed on exermal ADC symem ootmponents, the user may need w exxcure 3 1iem aalibraiions @ remove addionsl exiemal channdd creae aod schitee thes
TENR calrulation mc s S oneon sd Dok Gom Pt DR,
*Charmel-w-channel cros stalk B e estired va et chanseh.
The Tempermme Momiter will gice & of the din Lermp &
""DAC Koearity i cakulotod mang:

Reduced cade mmagpe of 100 10 #7685, 0w Voo, mage.

Redaced code sange of 182 1o ¥45, 8 w Yoy rengr.

DAC Ompm Losd = 18 k2 and 109 pF.
YDAC diflerentinl noalmenriry qpecitiod on © 16 ¥ pry #0d ¢ w0 Vo, reoges
UDAC specification for o inpedence in Ukt wsbrlicmd case depands aa DAC codn.
DAL sprecilimtions for Ly, woliegr ontpet sonding tane and digitalac-enabog giach engary depend on exwemal baffes anphemenmrios 3 anbuflered mode. DAC in
mmbolfered mode sessed with OFTE exrernal buller, which his & blow iopis ket currim.
Uhhoacared itk Vpyy 8600 Cprp pitn decoupled wich £.1 BF capacison. o geomnd. Power-np time for the intomal refesence will be datomsined by the vabor of the
decoupling capedtor choses for both the Very and Crer pma.
Xlens uring am d ek dewice, o i d band yup refcrance impal con be bypessed by setting e ADCCON 16 bit. In this maode, the ¥y sud Cger
pam med 10 B¢ somod iogrthal for Cotfect ofcrition.
" Flake EE bbtamany relimbdiy cloe i eristios spplf 1o both the FloskEE progrms scmory and the FisdvEE dote memcey.
"TExdamnce i qualied mvcyh‘-’u’]il)ﬁcSﬂ”mhdnll?-dm-“d-4m+'m-d+lm Trpxsl cadorance 1 259C & 70, 00 cprhen
"B b o Tiketiomn JuivelT M (TP =55Cm par JEDEC Sad. 22 meerbod A117. Raseation hittoe baed ob sk scimation energy of 6 oY
'ﬂdun-ﬂpumum-m-m-ﬁg-nlalnﬁmhbmmmﬂm
""Power supply comrent cnsaprion is messared m Noyrsal, ki, snd Powes-Dovern Modes under te iollowing ceaditions:

x

- F can be mberred Fom this resudt.

Nowmal Mode: Dasee = § 4 Y, Digica) 140 pita = open cmauir, Cors Clk changed e CD biee i FLLOON, Gﬂt[mcmlgmmdwbqnlwp
Bl Moda: Reven = 0.1V, Digiea] 190 pine = openy crcaie, Cose C chaaged vie CD b in PLLOON, POON.0 = L Coe Execution sspawded in
e monde.

Pouwct-Down Mode: Reset = 8.4V, All Poru © piem = 0.4 V, AN caber digial I'Cy arxd Fon | pms e open ciscoi, Core Cl chongad vie C D bits i PLLCON,
POON.D = §, Core Exacatica vspends d in powerdews mode, O5C mumed 0N ar OFF wia OSC_PDr bin (PLLCON. 7y m PLUCON SFR
DV, povar supply corrand will iscresse rrpically by 3 oA (3 ¥ opermicn) aed 10 b {5 ¥ opermion) duanicg » Plah'EF cranony proguss of erme cvde.
Specilicamons sabict 1o changs withom solice.
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ABSOLUTE MAXIMUM RATINGS*
(Ty = 35°C, onkesx oalurwise nosed }
AGNDwDGND .. ... .. .
IV o DGND, AVm 10 AGND
Digeal Inpat Yokage 1o DGND .
Digital Output Volage o DGND
Yasrto AGND . ... .
Analog Inpurs 1o AGND .

v D3V +03Y

o, D3V +03Y
...... L3V +TY
03V DVoo+ 0.3Y
03V DV + 03V

.03Vt AVpn+ 0.3V
0310 AVpp+ 03V

Operstng Tanperature Rang: lndnsmal

ADuC832BS | LG m +125°C
Opersting Tunpennm Rlngl Indn.nnll

ADuCB3ZBCP ... .. cee oo —ADPC e +85°C
Sworage Tempcnmre Range . ............ —BE°C 10 +150°C
funcrien Temperature .. .. .. . 150°C
# Thermal lmpedance (ADuCSﬁBS) .. WrCw
@ Thermal Impedance (ADuCB32BCP) . .51 CW
Lead Temperswree, Solderng

Vapor Phase {60 ses) .. ... ... . ... .. . 215%C

Iofrared (15 sec) . 20°C
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*Sireaes sbovy those lisied dnder Abscliie Maxitt tn Bstings o coths e
nent demage to the device. This is # uress sating om Iy, Fencochal operetion of the
device m gheet or vop other coaficons shove those bicked i ke opersiicnsl

s4cvions of thia specificadon is noc inplind. Exp 1o sbachum oing
copduinm for emiended periads may allect device reBabdiny.
ORDERING GUIDE
Temperature Package Package

Model Raage Description QOpdon
ADuCE32BS ~40°C w0 +125°C 82-Lead Plastic Quad Flarpack 5-52
ADuCEI2BCP -40°C to +85°C 56-Lead Chip Scale Package CP-56
EVAL-ADuC832Q8 ChackStart Development System
EVAL-ADuCE32QSP QuickSeart Phus Devdopooent Sysiem

CAUTION
ESD (clectrostatx dbchagr) semsitve dovice. Elecmosmnic charges m high s 4000 Y readily
accumutste onthe homan body and rest equipment and can discharge withoat detection. Akhough the i
ADoCE32 festures propricary ESD protecton crcuitry, permanent damage may occur on devices $ﬁ“\—~ ;
subiected 10 high energy elecrosmtic discharges. Therefore, proper ESD precasutions are recommended o §

10 soid performance degradetion or loss of funcoonalicy. E0 BEMEITIVE DEACE

WARNING! ;
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PIN CONFIGURATION
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Figure 1. ADuCB32 Block Diagram { Shaded Areas are Featuies thPm on the ADuC 12}
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ADuC832
PIN FUNCTION DESCRIPTIONS

Maoanenic Type | Function

DVpp P Digital Peaitivr Supply Volage, 3 V or 5 ¥V Nonzinal

A¥pp P | Analog Positive Supply Voltage, 3 V or 5 ¥ Mominal

Crrr 10 | Decoupling Inpax for On-Chip Reference. Connect 0.1 IF between this pin and AGND.

Yoy 10 | Referenoe InpmiOnapur. This pm is connected to the internal reference through s senes resistor and is the
reference scurce for the snalegto-digitml converter. The nominal internal reference vohage s 2 5V, which
appears st the pin See ADC secvion on howr 1o connect an exteroad reference.

AGND G Analog Ground. Ground reference poiny for the analog cireuiery.

P10-P1.7 1 Porr 1 is an B-bit inpix port ondy. Unlike other ports, Port 1 defsutts 1o Analeg Inpur mede. To confipre
any of these Porr Pins as a digital inpur, write a “0™ 1o the port bit. Port 1 pins are mukifoncion and share
the following functionsiny.

ADCO-ADCT| 1 Analog Inpurs. Eight single—nded snalog inputs. Channel selection is via ADCCORNR SFR

T2 1 Timer 2 Digital Input Inpart to Tiowec'Counwer 2. When ensbled, Counter 2 i imcremented in responsc to 8
1-to-0 transition of the T2 inpur.

T2EX 1 Dhigital Inpur. CapnreReload trigger for Counter 2; also functions as an Up/Down contral inpur for
Counter 2

= 1 Slave Select Inpun for the SPI Interface

SDATA 10 | Wher Selectable, FC Compaetible or SPI Dsta Input'Cutput Pin

SCLOCK 10 | Senrial Clock Pin for I°C Compatible or SPI Senial Inrerface Clock

MOS] 10 | SP1 Master OurparSkve Input Dats 10 Pin for SPI Interface

MISO 'O | SPI Museer Inpur Slave Ourput Duea 10 Pin for SPI Senial Interface

DACO 0 Voluge Qurput from DACO

DACI (4] Voltuge Curput from DACI

RESET 1 Digitad Inpar. A high Jevel on this pén for 24 maser clock cyces while the oscillator is running resens the device

P1O-P3 Y 10O | Port 3 is o bidireensorml pore with mterms] pull-up resistors. Port 3 pigs that heve 1s wrimen 1o chem are
pulied high by the internal pull-op resistors, and in thet st can be vsed as ioputs. As inpors, Porr 3 pins
beg pulled extermally low will source cuxrent becanse of the internad pull-up resistors. Port 3 piss abo
conxain vanogs sccondary funcions that are described below.

PYMC i PWM Clock Input

WM (4] PWMO Volmge Cutpur. PWM curpuns can be configured to uses ports 2 6 and 2.7 or 3.4 and 3.3

PEM1L 8] PTMI1 Volmge Owpur See CFRGB32 Register for further information

RxD 'O | Recaver Data Inpwt (Asynchronows) or Dam InpauQutpat (Synchronon) of Seral (UART) Pest

TxD e} Transmirter Data Ourpur (Asynchronous) or Cleck Qurpan (Synchronous) of Serial (UART) Port

INTD I Inrerrupt 0, programmable edge or level miggered Inrernapt gat, can be programmed 10 ene of two priotity
Jewels. Thus pin can ako be used as 8 gate conure] inpu 1o Timer 0.

iy ] 1 Inreerupt 1, programmable edge or level triggered Interrupt mypar, can be programmed 1o one of two priotity
levels. This pin can abo be usod a8 3 gate control input to Timer 1.

T I Tuwer/Contnter @ Input

T! 1 ‘Timwer'Coasnrer 1 Input

CONVST 1 Active Low Coawert St Logic Ingur for the ADC Block when the Exzenul Corwert Start Fancbon is enabled
A [ow-to-high ransunen on this input puts the mack-and-hold inte i hodd mode and starts conversion

EXTCIK I Input for External Clock Signal; has te-be cnabled via CFG832 Register.

L 421 e} Write Conwel Signil, Logic Oumtpat. Latches the dam byve from Port € inte the exremal dam memery.

D v Read Comrol Sigoa], Logic Ouarput Brobles e exemal dam memory @ Port 0.

XTAL2 o Cuepx of the lovering Oscillarc Amplifier

XTALL { Inpax to the Ioverting Oscillator Amplifier

DGND G Digizal Gronnd. Ground reference point for the digital crcurery.

P2.0-P2.7 'O | Port 2 is 3 bidirectional port with meernal pull-up reustom. Port 2 pins that have 1s written s them are

{AB-A15) paled high by dw inrermal pull-up resistors, and in that ttate can be used as inpons. As inpurs, Port 2

(A16-A23) pua being pulled extemally Jow will sonrce currens because of the internal pull-up resistors. Port 2 cors the

high ceder address bywes during fetcbes from external program memory and middle and high erder address
bywes during aceesies v the external 24-bit extemul dom memory spece.
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PN FUNCTION DESCRIPTIONS (continued)

Mnemaonic Type | Function

PSEN © | Program Srore Enable, Logic Ouput. This catput is a coneo] signal 1har eossbles the external program
memory 1o the b dudng cxrernal ferch operations. It is active every six oscillater pencds except during
extemal data meroory sccesses. This pin remains high during mxernal program execution. PSEN cen slse be
used 10 enable serial downboad mode when pulled jow through a resistor on powar-op or RESET.

[+ Address Larch Ensble, Logsc Qutpur Thi cutpa is used 1o latck the low byte (and page byt for 24-bit
address space sccessen) of the address into externs] memory during normal operanon. It is activated every
six oscilleror penods exeept dunng an ¢xternal date memory sccess.

B3 I Exremal Accers Ensble, Logic Input. When held gh, this inpat ensbdes the device 1o fetch code from
internal program memeory Jocations O000H ro 1FFFH When beld low, this input cnables the device o ferch
all instructions from external program memery This pin should oot be left fosring.

PO.7-P0D 0 Port 0 is an 8-Bit Open-Drain Bidirectional 110 Port. Part O pins that have 1s wrirten 1o them Boat aod in

(AO-AT) thar state can be umed 23 high impedance inputs. Pory I is alac the muliplesed low order address and deta
bus during acccsscs to external progmm or data memory. [n this application it uses sirong internal pudl-ups
when emining ls.

TERMINOLOGY mtio is dependent upon the number of quantizaton leveds in the

ADG SPECIFICATIONS digitizaticnn precess; the mose fewels, the smaller the quantization

Integral Nonlinesrity noise. The theoretical nignal ra (noise + disrortion) ratic for an

This is the maxiowm devisuon of any cede from a straight line
passing through the codpeints of the ADC transker function.
The endpoites of the mansfer fancton are zero scale, 3 porx
1/2 LSB below che frer code tranattion, and full scale, a point
172 LSB above the Lust code ransition.

Differential Nonlinearity

This is the difference between the messured and the ideal 1LSB
change berwecn any rwo adpscent codes in the ADC.

Mlet Ervor

This is the devigtion of the first code transimen (0000 . . 000
to (0000 . . . DOL} from the ideal, i.e., +1/2 LSB.

Gain Error

This is the deviation of the last code manmition from the 1deal
AIN velrage (Fall Scalc — 1.5 LSB) after the offsct error has
been adnsted ow

Signal 10 {Noise + Distortion) Ratio

Thus is the meanwed rano of signal to {nose + distortion) ar the
output of the ADC. The signel 1s the mms amplinade of twe
fendansenzal. Mot 1 the mos sum of dll nonfndamenal cig-

nals up to half the samplng frequency (&/2), exclodmg d¢. The

sdesd N-bit converter with a tine wave inpwat n given by
Sigmal rofNowse + Discornion) = (6.02N + 1.76) dB
Thun for & 12-bit corverter, this s 74 dB.

Total Harmonic Distortion
Total Harmconic Distortion is the retio of the rms sum of the
harmonics to the fundamental

DAC SPECIFICATIONS

Relarive Accuracy

Relative accuracy or endpoint linearicy is 4 measure of the
maximum deviation from a straight line passng through the
endpoingy of the DAC wanaler fanction. It is measared after
sdjusting for zero error and full-scale emor.

Yohage Output Setthing Time

Tht is the amount of tume it takes for the oumput to serde 108
specified level for o Fallscale input change

Digiwl-to-Apaleg Glitch Impalse

This is tw amcunt of charge injected ints the 2nalog campa
when the inputs changs state It is specified as che area of the
glitch in a¥ sec

74



	1  Title Page
	2  Abstracts
	3  Contents
	4  List of Illustrative
	5.1 Chapter 1
	5.2 Chapter 2
	Chapter 2-1.tif
	Chapter 2-2.tif
	Chapter 2-3.tif
	Chapter 2-4.tif

	5.3 Chapter 3
	Chapter 3-1.tif
	Chapter 3-2.tif
	Chapter 3-3.tif
	Chapter 3-4.tif

	5.4 Chapter 4
	Chapter 4-1.tif
	Chapter 4-2.tif
	Chapter 4-3.tif
	Chapter 4-4.tif
	Chapter 4-5.tif
	Chapter 4-6.tif
	Chapter 4-7.tif

	5.5 Chapter 5
	6 Bibliography
	7 Appendix



